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The 16th annual meeting of the Pacific Slope Branch was held at the 
California Institute of Technology, Pasadena, Calif., June 17, 18 and 
19, 1931. Papers were presented during the forenoon of Wednesday, 
forenoon and afternoon of Thursday and the forenoon of Friday. Wed- 
nesday and Friday afternoons local entomologists entertained visiting 
entomologists by showing them through the various federal and state 
experiment stations and insectaries. The annual dinner was held on the 
evening of the 18th. 

The total attendance at the Pasadena meetings was 179, the largest 
in the history of the Pacific Slope Branch. The following members were 


present: 


Armitage, H. M., Whittier, Calif. 
Bailey, Stanley F., Davis, Calif. 

Ball, E. D., Tucson, Arizona 

Barrett, R. E., Saticoy, Calif. 
Basinger, A. J., Riverside, Calif. 
Boyce, A. M., Riverside, Calif. 

Bliss, Chester I., Whittier, Calif. 
Blanchard, R. A., Sacramento, Calif. 
Brock, A. A., Santa Ana, Calif. 
Campbell, L. W., San Francisco, Calif. 
Campbell, Roy E., Alhambra, Calif. 
Cartwright, W. B., Sacramento, Calif. 
Chapman, Royal N., Honolulu, T. H. 
Childs, E. R., Santa Ana, Calif. 
Chamberlin, W. J., Corvallis, Ore. 
Cecil, R., Ventura, Calif. 

Cook, W. C., Davis, Calif. 

Coffin, O. T., Whittier, Calif. 

Cole, F. R., Whittier, Calif. 

de Ong, E. R., San Francisco, Calif. 
Dixon, J. W., Independence, Calif. 
Dodd, C. T., Los Angeles, Calif. 
Elmore, C. J., Alhambra, Calif. 
Ebling, Walter, Anaheim, Calif. 

Eyer, John R., State College, New Mexico 
Fisher, C. K., Modesto, Calif. 
Freeborn, Stanley F., Davis, Calif 


Gray, Geo. P., Los Angeles, Calif. 
Hagan, Harold R., Honolulu, T. H. 
Herms, W. B., Berkeley, Calif. 
Houser, J. S., Wooster, Ohio 

Hunt, Ronaid P., Whittier, Calif. 
Hurlbirt, E. R., Glendora, Calif. 
Hutchinson, R. N., Covina, Calif. 
Jones, Wm. L., Los Angeles, Calif. 
Kinsley, C. H., Sacramento, Calif. 
Kirkpatrick, A. F., Azusa, Calif. 

La Follette, J. R., Whittier, Calif. 
Lamiman, J. F., Berkeley, Calif. 
Landon, Wm., San Dimas, Calif. 
Larson, A. O., Corvallis, Ore. 

Lewis, Harold C., Los Angeles, Calif. 
Lockwood, Stewart, Sacramento, Calif. 
Mackie, D. B., Sacramento, Calif. 
Martin, Chas. M., Whittier, Calif. 
Marlatt, C. L., Washington, D. C. 
Morrill, A. W., Los Angeles, Calif. 
Morrill, A. W., Jr., Fresno, Calif. 
Mote, Dor C., Corvallis, Ore. 

Neuls, J. D., Ontario, Calif. 

Neville, Lorne S., Los Angeles, Calif. 
Pegler, Harold C., Los Angeles, Calif. 
Penny, D. D., Ontario, Calif. 

Perry, R. A., Los Angeles, Calif. 
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Quayle, H. J., Riverside, Calif. Van Duzee, E. P., San Francisco, Calif. 
Ryan, H. J., Los Angeles, Calif. Vansell, Geo. H., Davis, Calif. 
Schmidt, Carl T., Minneapolis, Minn. Vickery, Robt. H., Berkeley, Calif. 
Scullen, H. A., Corvallis, Ore. Wallace, Hugh E., Riverside, Calif. 
Simmons, Perez, Fresno, Calif. Weldon, Geo. D., Ontario, Calif. 
Sheldon, Howard B., Santa Paula, Calif. Williams, V. E., San Gabriel, Calif. 
Smith, Harry S., Riverside, Calif. Woglum, R. S., Pasadena, Calif. 

Smith, Ralph S., Riverside, Calif. Woodhams, Geo. E., Sacramento, Calif. 
Smith, L. M., San Jose, Calif. Wymore, F. H., Davis, Calif. 

Stickney, F. S., Whittier, Calif. York, C. H., Glendora, Calif. 

Stone, M. W., Alhambra, Calif. York, G. F., Riverside, Calif. 

Swain, A. F., Elmonte, Calif. Zimmerman, Mrs. Sarah Keen, Astoria, 


Swezey, O. H., Honolulu, T. H. Ore. 
Toyne, Arthur, Pasadena, Calif. 


PART I. BUSINESS MEETING 


The meeting was called to order by President Roy E. Campbell at 
9:30 A. M., June 17, 1931. The following committees were appointed: 
NoMINATING—Don C. Mote, Perez Simmons, S. B. Freeborn; MEMBErR- 
sH1p—H. A. Scullen, Stewart Lockwood; Aupitrinc—A. O. Larson, 
A. F. Swain; Reso.tutions—Harry S. Smith, R. N. Chapman. 

At the close of the program of papers, June 19th, the following business 
was transacted. 

After some discussion concerning the possible limitation which might be 
placed on the publication of the proceedings of the branch associations 
it was regularily moved, seconded and carried that a committee of three 
be appointed to study the problem and make recommendations. 

After some discussion regarding the advisibility of publishing titles of 
papers not received for publication, this matter was also referred to the 
above committee. 

President Houser of the Parent Association spoke briefly, bringing 
greetings from the Parent Association. President Houser also empha- 
sized the importance of supporting the Biological Abstracts. 

Dr. Royal N. Chapman suggested the possibility of a future meeting 
being held in the Hawaiian Islands. 

The auditing committee reported favorably on the following financial 
statement of the treasurer: 


Balance on hand June 20, 1930 
Interest 
Refund from Parent Association on 1930 expenses 
Paid out: 
Mimeographing programs and notices. . 
Addressing letters 
Stamps and envelopes 


$ 8.60 
3.60 
9.30 


Total. . $20.50 
Balance on hand June 20, 1931.... ; $ 9.06 


$30.56 
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The membership committee recommended the following names for 
associate membership: Walter S. Binney, Cyril Gamman, Laurence S. 
Jones. 

The resolutions committee submitted the following resolutions for 
adoption: 

(1) WHeEreAs the Capper award has been bestowed upon a distinguished member 
of this Association, thereby reflecting honor upon our profession be it 

Resolved, That we extend to Dr. L. O. Howard our congratulations on this well 
deserved honor. 

(2) WHEREAs the science of Entomology has suffered a serious loss thru the death 
of Prof. J. H. Comstock be it 

Resolved, That the Pacific Slope Branch expresses its deep regret at the death of 
this distinguished teacher and research worker. 

(3) WuereAs the local officers and committee, and the institutions of which we 
have been guests have provided excellent arrangements be it 

Resolved, That the Association express its thanks to them for their contributions 
to our profitable meetings. 

(4) Be st further resolved, That the Pacific Slope Branch expresses its thanks to 
President Houser of the Parent Association for his interest in attending our meetings. 


The nominating committee submitted the following nominees for the 
ensuing year: President, G. M. List; Vice-president, A. M. Boyce; 


Secretary-treasurer, H. A. Scullen. 

The above reports were accepted. 

It was announced that the 1932 meeting would be held at Pullman, 
Wash. 
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PART II. SCIENTIFIC PAPERS 


INTRODUCED PARASITES SUCCESSFULLY CONTROL THE 
CITROPHILUS MEALYBUG 


By Harry S. Smita and HAROLD ComPERE, University of California Citrus 
Experiment Station, Riverside, California 


ABSTRACT 


The citrophilus mealybug, an accidental introduction from Australia, has been a 
major citrus pest for several vears. Fair control has been maintained by the propaga- 
tion and distribution of Cryptolaemus. The introduction of two chalcidoid parasites 
from Australia, Coccophagus gurneyi Compere and Tetracnemus pretiosus Timberlake 
has resulted in perfect control of the pest. 


For many years the citrophilus mealybug, Pseudococcus gahani 
Green, has been a major pest of oranges and lemons in southern Cali- 
fornia, and of ornamentals throughout the greater part of the more 
densely populated sections of the state. Occasionally it has been found 
abundant on pears and apples, and during recent years it has given 
evidence of being potentially an important pest of these fruits. In New 
Zealand the citrophilus mealybug has become a serious pest of de- 


ciduous fruits and this also appears from the literature to be the case in 
parts of South Africa. 

Orange and lemon growers in California have relied almost from the 
beginning on the biological method for the control of mealybugs. This 
has consisted in the propagation and distribution of enormous numbers 
of the imported Australian ladybird beetle, Cryptolaemus montrouzieri 
Muls.! 

This work has been developed to a high degree of perfection, and on 
a very large scale. There are 14 or more insectaries engaged in propa- 
gating Cryptolaemus in southern California, operated by the County 
Agricultural Commissioners, fruit-growers associations, and private 
ranchers, always under the supervision of an experienced superin- 
tendent. 

In general, it may be said that this method gave fairly satisfactory 
control. It was certainly far superior to what could be accomplished by 
spraying or fumigating, which had been thoroughly and extensively 
tried out and discarded. Occasionally, however, a refractory infes- 
tation was encountered which refused to respond satisfactorily to the 


1Smith and Armitage. Biological Control of Mealybugs Attacking Citrus. Bul. 509, 
Calif. Agr. Exp. Sta., pp. 1-74. 1931. 
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colonization of Cryptolaemus. The cause of this we have been unable 
to determine, although in some cases it seemed to be related to the appli- 
cation of insecticides for other pests in the grove. In such groves, 
Cryptolaemus succeeded during the season in cleaning up the infes- 
tation, but this clean-up was delayed until damage had been done, or 
until the grower had been forced to pick his fruit to avoid damage, 
which in some cases forced it onto an unfavorable market. As the 
mealybug infestation gradually spread over larger areas, the number of 
these refractory cases naturally increased. By 1927 it became evident 
that the losses in these occasional groves were such as to make it ex- 
tremely desirable to find some way to improve the mealybug control. 
The idea of water-washing the trees (a method worked out for mealy- 
bug control before the Cryptolaemus work was developed) was re- 
vived, and many growers equipped themselves with apparatus for 
handling the pest in this way. It was just previous to this that the 
University of California Citrus Experiment Station had decided to make 
a determined effort to locate the native home of the citrophilus mealy- 
bug, in the hope that important parasites might be found which could 
be introduced into this state. As previously reported? this attempt was 
successful. Compere found the mealybug at Sydney, Australia, under 
such conditions as to make it certain that Australia is its country of 
origin. He succeeded in bringing to California several species of ento- 
mophagous insects which he found preying upon the citrophilus mealy- 
bug at Sydney. He arrived in California in April, 1928. These insects 
were all successfully propagated in the insectary at Riverside, and, as 
soon as breeding stock was available, the local insectaries interested 
were supplied with material for propagation purposes. Before the 
season closed, a considerable part of the infested citrus area in southern 
California had been colonized with the two internal parasites, Coccopha- 
gus gurneyt Compere and T7etracnemus pretiosus Timberlake, and several 
species of predators had been liberated in a few localities. Of these 
latter, Midas pygmaeus (Blackburn), and Chrysopa ramburi Cameron 
have not been recovered from the field recently, although it is very 
likely that the former is established. It is still being propagated by 
some of the insectaries. The predatory fly, Diplosis sp., was recovered 
abundantly from field-collected material two years after it was colonized, 
but to our knowledge it has not been seen in, recent months. None of 
these predatory species has given indications, in the field, that it will 

*Smith and Compere. The Introduction of New Insect Enemies of the Citrophilus 
Mealybug from Australia. Jour. Econ. Ent. 21: 664-669, 1928. 
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be of any practical value in the control of its host. The remainder of this 
account, therefore, deals only with the two chalcidoid parasites, Cocco- 
phagus and Tetracnemus. 

Many recoveries of these parasites were made from the field in the fall 
of 1928 and during the winter of 1928-1929. Coccophagus particularly 
remained active throughout the winter, and seemed to pass through two 
generations to one of the mealybug. During the 1929 season millions 
of the parasites were colonized by the Citrus Experiment Station 
and the local insectaries, and it was felt that by the spring of 1930 we 
should be able to draw some definite conclusions as to their practical 
value. By the spring of 1930 the level of mealybug population had 
dropped very greatly. The parasites became extremely abundant and it 
seemed obvious that there was a positive correlation between the two 
events. However, during several months of the previous season the 
monthly mean temperatures were several degrees above the normal. 
This undoubtedly had a very definite effect on some of our citrus pests. 
The citricola scale developed farther toward the coast than ordinarily, 
the red scale had an extra generation, and the black scale developed 
unevenly farther east than is usually the case. It is well-known that 
the citrophilus mealybug thrives best under cool climatic conditions, 
and hot weather of sufficient duration and intensity would undoubtedly 
reduce its numbers. The weakness of this argument as an explanation 
of the general reduction of the mealybug is that it does not apply to the 
situation at La Jolla, San Juan Capistrano, Ventura, Santa Barbara, 
and the San Francisco Bay region, where the mealybug was also re- 
duced and where even the highest temperatures are such as to have not 
the slightest unfavorable effect on the development of the mealybug. The 
argument that climatic conditions were responsible for the remarkable 
reduction in mealybug population was sufficiently plausible, however, 
that it was decided to take a conservative attitude and wait until the 
summer of 1931 before drawing any definite conclusions as to the factors 
responsible for mealybug reduction. 

During the past season mealybugs have been even scarcer than in 
1930, and the climatic conditions have been normal. We have sought 
everywhere, with the aid of a large force of county inspectors and in- 
sectary men, for an infestation of the slightest economic consequenc. 
and have not succeeded in locating such an infestation. The only 
localities known to us where the citrophilus mealybug has been abundant 
during the past year have been in Monterey and Santa Cruz counties, 
where it has in some cases killed the wild growth covering the hillsides. 
In these localities the parasites have been introduced just recently in 
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very small numbers, and have not yet had time to make a showing. 

In every case where the parasites have been present for a sufficient 
length of time, the mealybug has been reduced to a point where it is of no 
economic importance. It is difficult, therefore, to escape the con- 
clusion that the scarcity of the pest is a direct result of the introduction 
of the Australian parasites, and that we are witnessing in California 
at the present time another remarkable demonstration of the value 
of the biological control method. 


SOME RECENT PARASITE INTRODUCTIONS IN HAWAII 
By O. H. Swezey 


ABSTRACT 


Among parasites recently introduced in Hawaii, three species have become estab- 
lished and have brought about a fairly satisfactory control of the rice borer, Chilo 
simplex. These parasites are: Trichogramma japonicum, an egg-parasite; Amyosoma 
chilonis and Dioctes chilonis, larval parasites. 

An undetermined hemerobiid has been introduced as an enemy of the pineapple 
mealybug. An undetermined chalcid-fly is parasitic on another mealybug. A new 
species of Anagyrus is parasitic on the pink sugar cane mealybug. Two species of 
Pullus have been introduced as predators on the pink mealybug, but not vet known 
to be established. Two new species of Scelio, parasitic on eggs of the Chinese grass- 
hopper, have been introduced, but not yet known whether established. 


As is well known, the biological control of insect pests has been prac- 
ticed in Hawaii for a considerable period of time. It began in 1893 
when Mr. Albert Koebele began introducing ladybeetles to prey upon 
Coccidae and Aphididae. The introduction of beneficial insects has 
been kept up ever since with many remarkable successes. Although a 
number of the major pests have been brought under control in this way, 
there are still other pests for which natural enemies have been intro- 
duced from time to time without complete or sufficient control having 
yet been attained. It is the purpose at this time to mention briefly a 
few of the parasites and predators that have been introduced the past 
three years, and which have not yet been generally made known. 

Early in 1928 a new pest appeared in the rice fields of the Island of 
Oahu. In due time it was found that its identity was Chilo simplex 
(Butl.), a rice stem borer of the Orient, occurring from Japan to India. 
It became a very destructive pest in rice fields of Oahu and Kauai, the 
islands chiefly concerned with growing rice in the Hawaiian Islands. 
Since there were records in entomological literature of Chilo simplex 
attacking sugar cane also, there was much concern over the presence of 
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this pest in Hawaii. However, it has not yet been found attacking cane 
there, even though cane was growing adjacent to rice fields which were 
badly infested by the borer. 

As soon as the identity of the pest was made known, and its native 
habitat ascertained, an expedition was made to some of those regions in 
search of parasites for introduction. Among the large number of para- 
sites studied and attempts made at their introduction, three have so far 
become established in Hawaiian rice fields. These are: 7richogramma 
japonicum Ashm., an egg-parasite introduced from Japan in 1928; 
Amyosoma chilonis Vier., a braconid which parasitizes the caterpillars, 
one to five parasite larvae feeding externally on the paralyzed cater- 
pillar, introduced from China in 1928; Dioctes chilonis Cush., an ichneu- 
monid whose larva feeds singly internally in an active caterpillar, 
introduced from China in 1928. The year following the establishment 
of these parasites, crops of rice were harvested of nearly normal amount, 
whereas, due to the pest, the second crop of the 1928 season had fallen 
away below normal, and on account of this, some of the growers dis- 
continued trying to grow rice. Probably the egg-parasite, Tricho- 
gramma japonicum, is the most efficient of these parasites, though the 
exact status has not been fully determined. 

On several different occasions and from different localities, there have 
been attempts to introduce parasites for the pineapple mealybug (Pseu- 
dococcus brevipes), an ever present pest on pineapples in Hawaii. Several 
kinds of ladybeetles have been brought in, also other predators, and 
internal parasites. Up to the present, these have mostly failed to become 
established. A small hemerobiid introduced from Mexico in 1929 has 
been recovered in pineapple fields. An internal parasite of doubtful 
identity (Aenasius sp.’) has also been recovered, reared from a different 
mealybug, however, Pseudococcus virgatus. The pineapple mealybug has 
not yet been brought under biological control. 

In Hawaii, there are two species of sugar cane mealybugs: the pink 
sugar cane mealybug, 7rionymus sacchari (Ckll.), which is always 
present and often very abundant, but has never been rated as an im- 
portant pest; and the grey sugar cane mealybug, 7rionymus boninsis 
(Kuwana), which is less common, and, when colonies of it are found, a 
good proportion are parasitized by Pseudococcobius terryi (Fullaway) 
It seems that this mealybug is thus satisfactorily controlled. This 
parasite never attacks the pink mealybug even if it is on the same stalk 
with the grey mealybug. For a long time it had seemed that there 
should somewhere exist a specific parasite for the pink sugar cane mealy- 
bug, just as there are specific parasites for so many other species of mealy- 
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bugs. In 1930 a parasite was introduced from the Philippines, where it had 
been reared from the pink mealybug by entomologists there. This was 
an undescribed species of Anagyrus very close to Anagyrus dactylopit 
(How.) which had been introduced from Hongkong a few years previ- 
ously as a parasite on Pseudococcus filamentosus, and has proved of 
value. This new Anagyrus has already been recovered from two regions 
where it is breeding on the pink mealybug in Hawaiian cane fields. It is 
being reared and distributed throughout the different sugar plantations 
of the Islands. There is a new generation every two to three weeks. In 
experiments it has failed to breed on the grey sugar cane mealybug 
and the pineapple mealybug. Perhaps it will turn out to be specific 
on the pink mealybug. If so, we have great hopes that it will appre- 
ciably reduce this mealybug in the cane fields. 

Another pink sugar cane mealybug enemy introduced from the 
Philippines in 1930, is a tiny ladybeetle (Pullus sp.) which is being 
reared and distributed to the sugar plantations. No recoveries have yet 
been made, but from the readiness with which this ladybeetle can be 
reared when fed on the pink mealybugs, it is expected that it will readily 
become established. Another ladybeetle with similar habits has been 
introduced this year (1931), but it has not been recovered yet, nor has 
successful breeding of it in Honolulu been accomplished. It is Pullus 
apiciflavus (Mots.) from the Federated Malay States. 

Two species of Scelio parasitic on the eggs of the Chinese grass- 
hopper, Oxya chinensis, and other species of Oxya, were introduced in 
1930-31 from the Federated Malay States. Both species have been 
liberated, but only one of them was found to breed readily on eggs of 
Oxya chinensis in cages in Honolulu. The latter is the only species 
of Oxya that occurs in the Hawaiian Islands, where it is a minor pest on 
sugar cane. It is hoped that this species of Scelio that is being reared 
and distributed will become established, but there has not yet been 
time enough to expect to make recoveries. This Scelio is rather large 
for an egg-parasite. Only one develops per egg of host. Its value is 
indicated by the scarcity of Oxya grasshoppers in the region where 
the parasite was obtained. Both species of Scelio have been studied, and 
determined as new. They will be described for publication at some 
future time, as will also the new Anagyrus on the pink sugar cane mealy- 
bug mentioned above. 
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THE INTRODUCTION OF THE TACHINID PARASITES OF THE 
EUROPEAN EARWIG IN OREGON 


By Don C. Morte, Oregon Agricultural Experiment Station' 


ABSTRACT 


Two European species of the family Tachinidae (Diptera), Digonichaeta setipennis 
Fall. and Rhacodineura antiqua Meig., whose larvae live as internal parasites of the 
European earwig, Forficula auricularia L., were introduced into Oregon in cooperation 
with the Federal Bureau of Entomology beginning in December, 1924. This paper 
presents a brief statement of the organization and administration of the project, a 
summary of the introductions, results of the production of the parasites in captivity, 
their colonization and present status of the project. 


The Earwig Parasite project was conducted under informal cooper- 
ation between the Oregon State Agricultural Experiment Station, the 
State Board of Horticulture, the Bureau of Entomology, the City of 
Portland and County of Multnomah. Since its initiation in 1924, 
active responsibility for the project has passed from the Experiment 
Station to the City of Portland under the City Earwig Commissioner, 
and back again to the Oregon Experiment Station, where the project 
now resides as a result of an ordinance passed by the City Council May 
28, 1930. The writer, who became head of the department after the 
project was initiated, has acted as an official and unofficial advisor, 
hoping that in the end success would follow the introductions. Our 
most sanguine hopes have been more than fulfilled. Early in the work, 
the laboratory stock of one of the parasites, Rhacodineura antiqua Meig., 
was lost, and no new introductions were obtained to replace the stock. 
On the other hand, the rearing of the parasite Digonichaeta setipennis 
Fall. has been'successfully accomplished at the Portland Earwig Para- 
site Laboratory, to a point where sufficient laboratory stock is now 
available for extensive colonization. This parasite has been recovered 
and now appears to have become established in Portland, though as yet 
present in rather limited numbers over a small area. 

During the course of their studies of the earwig and its control by 
means of a poison bran bait, it soon became apparent to the late Pro- 
fessor Lovett and to Dr. B. B. Fulton, then Associate Entomologist 
in charge of the earwig research work for the Oregon Experiment 
Station, that the natural enemies of the earwig should be studied with a 
view to their utilization in the control of the earwig. Accordingly, 


‘Published as technical paper No. 158 with the approval of the Director of the 
Oregon Agricultural Experiment Station. A contribution of the Department of 
Entomology. 
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early in 1923, Professor Lovett was in correspondence with Dr. A. L. 
Quaintance regarding the “‘parasites of Forficula.” 

In 1923, Dr. L. O. Howard, at that time Chief of the United States 
Bureau of Entomology, while in Europe investigated the possibilities 
of parasites of the European earwig. He learned that experiments were 
being conducted at the Rothamsted Experimental Station, Harpenden, 
England, with two European species of Tachinids whose larvae live as 
internal parasites of Forficula auricularia L. These parasites, Digoni- 
chaeta setipennis Fall. and Rhacodineura antiqua Meigen, were then 
being shipped to New Zealand. 

In the early part of 1924, Mr. H. C. Atwell, then Horticultural Com- 
missioner of the First District, in charge of the earwig poison bait 
control campaign for the City of Portland, with the assistance of Dr. 
L. O. Howard and the Oregon Experiment Station, made arrangements 
with Dr. A. D. Imms, Chief Entomologist of the Rothamsted Experi- 
mental Station, to supply the City of Portland and Multnomah county 
with the Tachinid parasites. As arranged by Dr. Fulton, the part 
of the Oregon Experiment Station in the project related to the rearing of 
the parasites. 

Following these preparations made for receiving the parasites as they 
arrived from England, word was received in September, 1924, from Dr. 
A. D. Imms, that Mr. A. M. Altson, the entomologist working with 
the parasites at the Rothamsted Experimental Station, had become ill 
and that parasite shipments could not be made until some later date 
than was previously planned. Dr. Imms later had to abandon the 
project altogether and return the draft for 500 pounds which the City 
of Portland had appropriated to defray the expense of rearing and 
shipping the parasites. 

The writer immediately communicated with Dr. L. O. Howard of the 
United States Bureau of Entomology, asking that arrangements be 
made for sending to Oregon at least enough parasite material from 
United States government agents in Europe for life history studies. 
This resulted in several shipments in the fall of 1924 and spring of 1925, 
amounting in total to 596 puparia of Digonichaeta setipennis Fall., to 
the Oregon State Agricultural Experiment Station, and to Mr. L. P. 
Rockwood, Entomologist of the Bureau of Entomology at Forest Grove, 
Oregon. Four hundred live earwigs also were shipped to the Oregon 
Experiment Station from which only 4 pupariae of Rhacodineura an- 
tiqua Meig. were obtained. The parasite material forming these ship- 
ments was collected in England and France under the direction of Dr. 
W. R. Thompson and Dr. H. L. Parker, Agents of the United States 
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Bureau of Entomology. These and subsequent shipments were made 
under the direct supervision and advice of Dr. L. O. Howard. 

On May 3, 1925, Dr. Howard Stearns, then a graduate research 
fellow in the Department of Entomology, and Mr. L. P. Rockwood, 
transported all the Digonichaeta setipennis and Rhacodineura antiqua 
Meig. material, which then included adults as well as puparia, to the in- 
sectary at Portland, which had been constructed from the plans made 
by Dr. B. B. Fulton. During 1925, to and including 1929, additional 
shipments of the parasites were made to the Portland Earwig Parasite 
Laboratory by workers of the United States Bureau of Entomology 
located in France. In 1925 the City of Portland undertook the rearing 
of the parasites under the direction of the Earwig Commissioner, Mr. 
H. C. Atwell. 

Dr. Howard C. Stearns, employed by Mr. Atwell, continued the work 
of rearing Digonichaeta and Rhacodineura at the Portland Earwig 
Parasite Laboratory on a part time basis from May 3, 1925, to and in- 
cluding June, 1929, at which time he resigned in order to enter into his 
medical internship. During this period he worked out the general life 
history of the parasites for Oregon conditions, developed the main 
technique for successful rearing of the parasites under laboratory con- 
ditions, increased the numbers of the parasite Digonichaeta so substan- 
tially that foreign importations were no longer necessary, and liberated a 
few colonies of this parasite in the City of Portland and environs. 

In May, 1930, the municipal authorities of Portland discontinued 
the Earwig Control Bureau operated by the City and the City Earwig 
Commissioner, and transferred the operations of the Portland Earwig 
Parasite Laboratory to the Oregon State Agricultural Experiment 
Station. Under this arrangement the City paid the operating ex- 
penses to December 1, 1930, and made further arrangements to con- 
tinue the work until December 1, 1931. The technical work of the labo- 
ratory has been conducted by Mr. Roland Dimick, Research Fellow, 
who assisted Dr. Howard C. Stearns at the Portland laboratory during 
the summer of 1929. 

Since the Station took charge, the main problem has been to establish 
quantity propagation of the earwig parasite. Insectary technique has 
been developed which enables the production of several thousand flies 
per year. In 1930 a total of approximately 4500 flies were produced, 
and it is estimated that over 27,000 flies will be produced in 1931. 

In the summer of 1930 the first systematic liberations of the parasite 
were made throughout the City of Portland, and it was definitely 
ascertained that Digonichaeta setipennis Fall. had become established in 
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Portland from liberations made previous to 1930. The 1930 operations 
have also resulted in a large increase of the laboratory stock of the para- 
site. 

IMPORTATIONS OF THE PARASITE 





Digonichaeta setipennis Fall. The first shipment of this Tachinid 
puparia arrived December 13, 1924; the last shipment that spring ar- 
rived April 25, 1925. The method used by Dr. Thompson in preparing 
the material for shipment proved very satisfactory. Each puparium 
was inclosed in a gelatin capsule and all were packed together in a 
small paper box banked with cotton. This small box, in turn, was 
packed firmly in cotton and inclosed in a large wooden box, which 
was tightly nailed. In all seven shipments, totalling 333 puparia, were 
received at Corvallis and 263 puparia at Forest Grove during the winter 
and spring of 1924 and 1925from France and England. Thirty-seven pupa- 
ria were infested with Phygadeuon scaposus Thoms., an Ichneumonid hy- 
perparasite; 4 puparia were infested with D. boucheanus, a Chalcid hy- 
perparasite. Precautions were taken in unpacking the boxes and 
special care was given to handling of the puparia. The boxes containing 
parasitic material were unpacked in the laboratory room and all open- 
ings in the room were closed in order to prevent the escape of insects 
that might be contained in the boxes. 

Each puparium was placed in a glass tube and the ends of the tubes 
were tightly plugged with cotton wads. This was done in order to re- 
cover for destruction any hyperparasites that might later emerge from 
the puparia. The packing material was burned as a precautionary 
measure against introduction of foreign insects. 

The puparia in tubes were then placed in the cold air storage pit to 
retard the emergence period of the adults. The retarding of the emer- 
gence period was desirable, for foreign puparia apparently gave rise to 
adults too early in the season to be utilized, and earwigs might not be of 
sufficient size to develop parasitic larvae if the adult parasites emerged 
too early. 

The foreign puparia were generally taken from the cold-air storage 
pit sometime in March and subjected to outside temperature. 

On September 27, 1925, a shipment of about 3200 living earwigs were 
received from France from which a total of 205 puparia of D. setipennis 
were recovered. During March and April, 1926, a total of 443 puparia 
was received from France, making a total of 648 puparia received during 
the winter and spring of 1925 and ’26. It is interesting to note that ap- 
proximately 58% of the imported puparia produced flies as compared 





OO pel, 


= te 


1 EE 


Prater 










































oe a 


| 
: 
| 
| 
: 
! 
| 


—— 


952 JOURNAL OF ECONOMIC ENTOMOLOGY (Vol. 24 


with 83% of the 109 puparia reared at the Portland laboratory from the 
material shipped in 1924 and 1925. Forty-seven of the imported pu- 
paria gave rise to Phygadeuon scaposus Thoms.; two to Dibrachys 
boucheanus Ratz. 

In the spring of 1927 a total of 317 puparia was received from which 
200 flies (108 males, 92 females) emerged as compared with 85% of the 
305 puparia reared at the Portland laboratory. Thirty-two of the 317 
imported puparia gave rise to Phygadeuon scaposus, and 3 to D. bou- 
cheanus. 

In 1928, from 979 puparia shipped from Europe, 679 (69%) gave 
rise to flies of which 340 were males and 339 were females; 21 to Phyga- 
deuon scaposus; 42 to D. boucheanus. On January 31, 1929, a total of 
181 puparia were received, of which 179 puparia were intact and 2 pu- 
paria broken. No hyperparasites had emerged enroute. 

Rhacodineura antiqua Meig. This Tachinid was shipped to Corvallis 
in the larval stage within the host earwig. The first lot contained about 
300 living earwigs and arrived March 19, 1925. A second shipment, con- 
taining 100 living earwigs, arrived April 28, 1925. The earwigs arrived in 
small, individual boxes, about 100 earwigs to the box. The packing was 
exceedingly secure. The earwigs, together with a few pieces of cut white 
potato for food, were sewed securely in a stout linen bag. In turn 
the bag was enclosed in a small but strong wooden box which was 
sealed tightly with wax and covered with a cloth pasted securely over 
the entire surface. Then the entire parcel was securely wrapped with 
two thicknesses of paper and tightly sealed for mailing. 

During the latter part of the year 1925, five shipments totalling over 
22,600 live earwigs were received from Hyeres, France; one shipment ar- 
rived in June, the others in September and October. They were shipped 
in small cotton sacks, securely sewed and filled with moss, to which 
had been added pieces of potato. The addition of moss appeared to 
reduce cannibalism among the earwigs as well as the chances of their 
feeding upon any Rhacodineura puparia that might form enroute. 
The sacks, to the number of fifty to one hundred, were enclosed, along 
with more moss, in a tight wooden box. From this shipment forty 
flies, 28 males and 12 females, were obtained in May and June, 1926, 
and used in propagation work from which 38 flies, 16 females and 22 
males, were obtained in August and September. These flies were 
mated and used in the propagation of laboratory stock for 1927. 

No shipments of R. antigua material were received from Europe 
during the fall of 1926 nor during 1927. Enough laboratory stock was 
reared during 1927, however, to perform the work of parasitization of 
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the earwigs in insectary house No. 2, from which 5000 were collected 
and released in East Portland, leaving in the insectary house enough 
for recovery of the fly in 1928. Unfortunately the severe winter con- 
ditions killed all the earwigs in House No. 2, and no further Rhacodi- 
neura were obtained, which compelled the discontinuance of the work 


with this species. 
COLONIZATION OF THE PARASITE 


The first attempt to colonize Digonichaeta in the City of Portland was 
in 1926. A limited number of gravid females were liberated in the City 
of Portland and near Corvallis, Oregon in 1929. Extensive liberations 
of the parasite were made throughout the City of Portland during the 
summer of 1930. 

The following is a record of the liberations of Digonichaeta and Rhaco- 
dineura made from 1926 to and including 1930: 

Liberation I—Dr. Howard Stearns reports that, ““On June 24, 1926, 
at 1:30 P. M., 52 female and 14 male Digonichaeta setipennis Fall. 
flies were liberated, along with approximately 10,000 Forficula auri- 
cularia L., in a region heavily infested with the latter species. Most 
of the females had been seen mating, and all had paired with an equal 
number of males. The fourteen males were liberated with them so as to 
better insure that mating would be at a maximum. The place of liber- 
ation was in a gully lying just south of Fourth and Ward streets in 
south Portland, and immediately west of the Southern Pacific railway 
bridge.”’ 

“The earwigs had been placed in the cage with the flies about an 
hour before liberation was made, in order to give the flies a good oppor- 
tunity to do any immediate work they might be capable of. No larva- 
position was definitely seen to have occurred, but the characteristic 
actions of the females indicated that larvae were being deposited.” 

“The cage containing earwigs and flies was taken to the chosen lo- 
cation and a quantity of bran and molasses mash placed adjacent to 
the cage for the purpose of attracting large numbers of earwigs. The 
flies and earwigs were allowed to escape through the open door of 
the cage. Several pieces of syrup-soaked cotton were placed about the 
cage to serve as a source of food for the flies.”’ 

Liberation II—July 9, 1926, fourteen females and twelve males 
escaped from a mating cage at the insectary grounds, 1126% Inter- 
state Avenue (Atwell and Stearns, 1926 Mimeograph Report). 
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Liberation I]]—October, 1927, approximately 5000 live earwigs, 
which were known to have eaten vegetation on which Rhacodineura eggs 
had been deposited, were liberated in East Portland in a locality well 
infested with earwigs, near Craig Road and Base Line Road adjacent to 
Russelville schoolhouse. (Atwell and Stearns, 1927 Mimeograph 
Report). 

Liberation I1V—Between May 30 and July 5, 1928, 341 gravid females, 
(D. setipennis Fall.) and 34 males were liberated in the vicinity of the in- 
sectary grounds. (Atwell and Stearns, 1928 Mimeograph Report). 

Liberation V—August 25, 1928, approximately 20,000 live earwigs 
from general parasitized stock, D. setipennis, were liberated at 40th 
Street and Powell Valley Road. (Ibid.) 

Liberation VI—September 7, 1928, 134 quarts of live earwigs from 
general parasitized stock, and a few mated females of first generation 
Digonichaeta flies were liberated at 40th Street and Powell Valley 
Road. (Ibid.) 

Liberation VII—October 2, 1928, 3000 live earwigs from stock para- 
sitized by second generation Digonichaeta flies were liberated in the 
vicinity of the insectary grounds. (Ibid.) 

Liberation VIIJ]—Between May 19 and June 13, 1929, fifty-four 
gravid Digonichaeta females were liberated at the insectary grounds by 
Mr. Dimick. 

Liberation IX—On June 25 and July 15, 1929, a total of 162 gravid 
Digontchaeta females were liberated by Mr. Dimick forty paces east of 
the J. E. Stansbury house, Columbia Blvd., Portland, Oregon. The 
Stansbury place is located just outside the north boundary of the city 
limits of Portland. 

Liberation X—June 26, 1929, 119 gravid females were liberated near 
Corvallis, Oregon, by Mr. B. G. Thompson, Assistant Entomologist of 
the Oregon State Agricultural Experiment Station. 

Liberation XI—July 29, 1929, fifty gravid females were liberated by 
Dimick at 20th and Ash streets, Portland, Oregon. 

Liberation XII-—Preliminary to liberations made during the summer 
of 1930, a brief survey was made to determine if European earwigs were 
present in all parts of Portland, except in the main business district. 
This survey was conducted by placing tar paper bands on trees and the 
relative number of earwigs found under each tar paper band was noted. 
It was found that earwigs were present in every section of the city in 
large numbers. 
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Following the preliminary host survey, a large map of the City of 
Portland was selected as a working map. On the map the insectary 
was selected as the colonizing center for the City. Starting from the 
insectary grounds a network of triangulation points with a distance of 
two miles between each was laid out on the map. 

As close as possible to each triangulation point a station was chosen 
for the liberation of the parasites. From each of the selected stations 
approximately 5000 earwigs were collected and brought to the insectary 
for parasitization. Each lot of 5000 earwigs was inclosed with 15 
gravid females in a small parasitizing cage for the period of three days. 
The earwigs inclosed in the cage were fed kale leaves each day and the 
female parasites were given a constant supply of moist sugar on cotton 
batting. The cages containing earwigs and ovipositing parasites were 
placed in the shade of the mating shed during the daytime. At night 
the cages were moved into the laboratory room and a bright light which 
shone directly through the top of the glass lid of the cage was turned on. 
On cold nights an electric stove was turned on and a temperature 
between 60 and 70 degrees F. was maintained. Investigations re- 
vealed that gravid females will oviposit at night, providing they were 
under a turned on electric light and providing the temperature was 
fairly high. 

In addition to the 5000 earwigs subjected to ovipositing females, 200 
parasite larvae were placed on earwigs by the hand-parasitizing method. 
The 5000 earwigs subjected to ovipositing parasites, and including the 
earwigs hand-parasitized with 200 parasite larvae, were liberated 
at the station at which they were originally trapped. A total of twenty- 
two liberations of this type were made in the City of Portland in 1930. 

Three liberations were also made in the City of Portland in 1930 in 
which only fertilized females were turned loose. Each of these liber- 
ations consisted of about 100 gravid female parasites. This type of 
liberation was employed so that subsequent investigations might 
ascertain which of the two types of liberations appeared to be the most 
effective. 

The plans for liberations in 1931 are to reinforce all of the 1930 liber- 
ation points with additional parasites, to establish new liberation points 
at selected sites about one mile equi-distant from the 1930 liberation sites 
and to liberate parasites in the more heavily earwig infested districts in 
Multnomah County outside the city limits of Portland. 
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RECOVERIES OF THE PARASITE 


Dr. Howard Stearns (1926 unpublished report) recovered two puparia 
of D. setipennis Fall., July 14, 1926, on cabbage leaves in the insectary 
garden. He also reported in 1927 that he had recovered 3 Digonichaeta 
puparia from earwigs collected at the site of liberation No. 1 released 
June, 1926. 

In 1929, four D. setipennis puparia were recovered from 100 earwigs 
trapped July 4, about 100 yards away from the insectary, according to 
R. E. Dimick. 

Although no direct efforts were made in 1930 to recover the parasite, 
several adults and puparia were recovered. A record of these recoveries 
prepared by Mr. Dimick follows: 

On June 13, 1930, a fertilized female was recovered at the insectary 
grounds by Mr. Murray Canova, laboratory assistant. A dissection of 
this fly showed that most of the eggs had been deposited. 

From 100 earwigs trapped on July 4, 1930, just outside the laboratory 
grounds, ten puparia were found in August and September. 

On August 17, 1930, two male parasites were recovered in the in- 


sectary garden. 
On August 13, 1930, one fertilized female was recovered in the insec- 


tary garden. 

On August 21, 1930, one fertilized female was recovered just out- 
side the insectary grounds. 

On August 26, 1930, a male parasite was recovered at approximately 
one-eighth mile from the insectary grounds. 

On September 10, 1930, approximately 2000 earwigs were trapped at a 
distance of about 150 yards from the laboratory. These earwigs were 
held in a container for six hours and during this time four D. setipennis 
larvae emerged from hosts and pupated. 

On September 14, 1930, a female was recovered on the laboratory 
grounds by Mr. Murray Canova. 

Plans have been made to make a systematic study in 1931 to ascertain 
the percentage of parasitism of earwigs by D. setipennis in the vicinity 
of the laboratory and from some of the 1930 liberation stations. 
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THE BIOLOGY OF DIGONICHAETA SETIPENNIS FALL., A 
TACHINID PARASITE OF THE EUROPEAN EARWIG, AS 
OBSERVED PRIMARILY UNDER WESTERN OREGON 
CONDITIONS! 


By Don C. Mote, Howarp C. STEARNS and RoLanp E. Dimick 


ABSTRACT 


In Western Oregon, Digonichaeta setipennis Fall., pass the winter in puparia. 
During the spring and summer, adults emerge. In about 18 days, on the average, 
after copulation, the females deposit eggs. The first stage larva emerges from the 
chorion immediately following oviposition and crawls about in search of a host. 
Three larval stages are passed within the body of the host. 

Some of the larvae entering earwigs early in the season complete their development 
by late June, July and early August. These emerge from hosts and form puparia 
from which a partial second brood of adults emerge in the latter part of July to the 
middle of September. The larvae from the second brood adults complete their 
development in earwigs before the end of November, emerge from hosts and pupate. 


The biology of Digonichaeta setipennis Fall., the most important 
entomophagous parasite of the European earwig, is based primarily 
upon observations made at the Portland Earwig Parasite Laboratory, 
Portland, Oregon, from 1925 to the present date. 

The adult parasites emerge from overwintering puparia in the latter 
part of April, May, June, July and the first part of August. In the years 
in which the emergence period commenced in April, the adults finished 
emerging by the middle of July. In the years in which the emergence 
period commenced in May, the adults finished emerging by the last of 
July or early August. 

In the early part of the emergence period from overwintering puparia, 
the males issue in larger numbers than do females. By the time the mid- 
point of the emergence period is reached, the males and females issue in 
approximately equal numbers. Following the midpoint of emergence, 
the females predominate in numbers, and when the latter part of the 
emergence period is reached practically all the flies issuing are females. 

Copulation may take place soon after adults issue from puparia. 
Females were often observed to mate before the chitin had fully dried 
and many males and females were observed to mate before they had 
taken food or moisture. 

Females mate once, but males were observed to mate as many as four 
times. Males that mate more than once generally do so with intervals of 

‘Published as technical paper No. 162 with the approval of the Director of the 


Oregon Agricultural Experiment Station. A contribution of the Department of 
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three to four days between matings. However, a few males were ob- 
served to mate twice during the same day. 

Copulation was not observed at the Portland laboratory during 1929, 
1930 and 1931 to take place below a temperature of 52°F. Matings 
among adults of the first brood were most frequent between 7 A. M. 
and 11:30 A. M., when the temperature range was between 56° to 80°F. 
When the temperature was above 85°F. few matings took place. Mat- 
ings among adults of the second brood were most frequent when the 
temperature was above 85°F. 

There appears to be a marked correlation between temperature and 
the length of the copulation period. Records were kept of many cases of 
mating flies in which the length of each mating and the temperature 
during each mating were recorded. These records show that range of 
copulation in time is approximately 15 to 90 minutes and that the dura- 
tion of copulation decreases inversely as the temperature increases. 

The length of time required for the development of fertilized eggs 
within the uterus of the female may vary from 13 to 23 days, depending 
upon the prevailing temperatures during the time of development. 
The average developmental period for fertilized eggs within the uterus 
is 17 to 18 days. In the earliest part of the season of 1930, the fertilized 
eggs required 20 to 23 days for development, in mid-season 17 and 18 
days, and as the seasonal warmth increased the eggs matured in 13 days. 
In the last part of the 1930 season, when the prevailing temperatures 
became lower, the eggs developed in 18 to 19 days. 

A Digonichaeta female about to deposit eggs first seeks out situations 
in which European earwigs are hiding and deposits eggs containing 
fully developed first stage larvae within close proximity of the host. 
The eggs hatch immediately following oviposition. The fact that the 
female deposits eggs containing mature first stage larvae was first ad- 
vanced by Pantel who, in 1909, says Dr. W. R. Thompson (1928)‘‘con- 
cluded from a study of the female reproductive system and the mor- 
phology of the primary larva, that the female probably disseminates 
hatched or nearly hatched larvae in the neighborhood of the host.” 
Mr. A. M. Altson in 1924 confirmed Pantel’s conclusion that the egg 
immediately hatched following oviposition. 

In many cases gravid females at the Portland laboratory were seen to 
deposit eggs directly upon the bodies of European earwigs, but this 
appears only to happen when ovipositing females are enclosed within a 
small area with numerous hosts. 

Normally, oviposition takes place in the daylight, although not as 
readily in the mornings as in the afternoons. The peak of the daily ovi- 
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position curve appears to be reached soon after the maximum afternoon 
temperature, which occurs in Portland during the summer months 
between 3 and 5 P. M. Females will deposit freely after dark under 
electric lights when kept with earwigs or in containers containing ear- 
wig odor or earwig secretions, providing the temperature is fairly high. 
The exact degrees of temperature necessary for egg deposition were not 
definitely determined, but observations made at the Portland laboratory 
would indicate that a certain required temperature is necessary before 
females will oviposit. 

From experiments, it was determined that the odor of the European 
earwig is probably the main stimulus causing Digonichaeta setipennis 
Fall. to oviposit. 

Egg deposition normally extends over a period of three to five days. 
The majority of the eggs are generally deposited on the first and second 
days of the oviposition period. 

The females deposit about 250 eggs, on the average. There appears 
to be a direct relation between the size of the female and the number of 
eggs contained in the uterus. 

The mature first stage larva soon escapes from the chorion following 
oviposition. The average time in which 100 larvae became free from the 
chorions, following oviposition, was 49.4 seconds. 

The newly emerged larva immediately crawls about in search of a host. 
It moves for a millimeter, more or less, stops, raises its body on its anal 


base and waves its body. If no host is encountered, it again crawls a 


short distance and repeats the performance of stopping and waving its 
body, and this process is continued until a host is found. When a host is 
encountered, the larva attaches itself to the cuticle of the earwig. The 
larva then crawls over the body of the earwig in search of a membrane 
When a membrane is found, the larva bores into the body of the host. 
Almost any membrane of the earwig’s body, except between the seg- 
ments of the appendages, may serve as a point of entrance for the larva. 
In many cases the larvae are able to bore into their hosts in a few 
minutes, but more often more than an hour is required to complete the 
process. 

The larvae appear to be attracted to the host within a certain range 
probably by a chemotropism caused by the odor given off by earwigs. 
The maximum extent of this range was not ascertained but it was de- 
termined by experiments that the larvae appear to be attracted to ear- 
wigs at least within a range of 51 mm. 

Tests were conducted at the Portland laboratory to determine the 
length of time which healthy larvae would remain alive without boring 
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into the bodies of earwigs. The results of these tests showed that 
larvae which were placed on fresh vegetation lived 36.1 hours on the 
average, and the larvae which were placed on glass lived 27.6 hours on 
the average. 

The fractured hypodermal cells of the parasitized earwig surrounding 
the entrance hole of the larva gradually grow, forming a sheath in 
which the larva is enveloped within the body cavity. All three larval 
stages appear to feed on the blood tissue and possibly upon a small 
portion of adipose tissue (Pantel 1910, after Dr. W. R. Thompson 1928), 
Careful dissections of over one hundred parasitized earwigs and ear- 
wigs which had harbored Digonichaeta larvae were made and the results 
of these dissections showed the following positive and negative con- 
ditions: 

1. No muscular or nervous tissue of the host appeared to be con- 
sumed by the larvae. 

2. The ovaries of the female earwigs were, in almost all cases, partial- 
ly atrophied or much under-developed. This agrees with the findings 
of Dr. W. R. Thompson (1928). 

3. Adult earwigs can mature two parasite larvae, and many are able 
to mature three parasite larvae. 

4. Practically all of the adipose tissue appeared undisturbed. This 
substantiates the findings of Pantel. 

No external effects are noticeable in earwigs parasitized by Digoni- 
chaeta larvae. Parasitized earwigs appear normal throughout the period 
of parasitization. 

Earwigs which have served as hosts may appear normal in actions 
from a few hours to several days, but gradually become weaker and in- 
active until death occurs. The host may live from a few hours to as 
long as twenty-four days, and possibly longer, following the emergence 
of the mature larva. Generally during relatively warm weather ear- 
wigs, which have served as hosts, die within a few days following the 
emergence of the parasite larva, and they generally live for a much 
longer period if the prevailing temperature is relatively low. 

Many earwigs, which served as hosts for parasite larvae, were kept 
under observation throughout the entire period of parasitism. None 
of these earwigs ever recovered from parasitization and in no case 
did the earwigs eat following the emergence of the parasite larvae. 

The length of the larval period inside the bodies of the host is quite 
variable. Some of the larvae are definitely known to complete their 
development in 21 days, and others may remain within their hosts for 
over 90 days. One of the probable explanations governing the length 
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of the larval period within a host is the amount of food material available 
to the larva within the body of the earwig, which happens to be some- 
what proportionate to the food available to the host. The larvae in- 
habiting small-sized hosts, and the larvae in cases of supra-parasitism, 
complete development in a shorter length of time than do the larvae 
inhabiting larger earwigs. 

Many of the puparia formed from larvae which enter earwigs in May, 
June and early July, and complete their growth the last of June, in 
July and early August, remain in the pupal period about 15 to 40 days 
before giving rise to adults. Some puparia, however, remain dormant 
until the spring and summer of the following year. Puparia formed 
in the latter part of August, remain dormant until the following spring 
and summer. Early warm weather appears to accelerate the emer- 
gence of the imagoes in spring and summer, and cold early spring 
weather appears to retard their emergence. 

Puparia of Digonichaeta require very little moisture for the develop- 
ment of adults. 

During the last of July, August and the first half of September, 
Digonichaeta imagoes emerge from some of the puparia formed in June, 
July and the first half of August. In this second brood of adults there is 
no male numerical predominance in early part of the emergence period, 
and there is no female predominance in the latter part of the emergence 
period, as is the case in the emergence period of imagoes from over- 
wintering puparia. . 

The larva hatching from eggs deposited by the summer and early fall 
(second) brood of females complete their growth in earwigs and emerge 
from hosts in September, October and November. , 
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HAND-PARASITIZING THE EUROPEAN EARWIG WITH THE 
LARVAE OF D/IGONICHAETA SETIPENNIS FALL.’ 


By Rotanp E. Dimick 


ASBTRACT 
A method of parasitizing the European earwig with Digonichaeta setipennis Fall. 
by hand is described. The method consists in placing the parasitic larvae on ear- 
wigs which are held either mechanically or anaesthetized by chloroform. 


The oviposition and larval habits of Digonichaeta setipennis Fall. lend 
themselves readily to a system of laboratory parasitization which has 
proved highly effective at the Portland Earwig Parasite Laboratory. 
The method consists mainly of inducing female parasites to deposit 
eggs in transparent containers in which no earwigs are present, and plac- 
ing the larvae, which immediately emerge from their chorions, on ear- 
wigs. This results in a higher percentage of utilization of the parasitic 
larvae produced than was the case of former systems used in parasitiz- 
ing at the laboratory. 

The following is a working description of the method used in 1930: 

1. The cerci of earwigs selected as hosts are inserted into spring 
paper clips. This may be done by an operator holding an earwig in the 
left hand between the index finger and the thumb in such a manner that 
the cerci protrude. A spring clip held in the right hand is fastened to 
the cerci of the earwig. Several hundred earwigs are placed in clips. 

It is convenient to keep a supply of earwigs to be clipped in an open 
can about six inches square and deep. To prevent the earwigs from 
crawling out the opening, a line of grease is rubbed around the inner 
margin of the can. 

2. About twenty glass tubes, 5 cm. long and 1.5 cm. in diameter, 
plugged at the ends with cellulose cotton, are filled with earwigs for 
a period of about five minutes. The earwigs are then released from the 
tubes and the tubes will then contain sufficient earwig odor to induce 
gravid females to oviposit. 

3. About ten female Digonichaeta, that are ready to oviposit, are 
separately placed in the glass tubes described under step 2. Oviposition 
generally commences at once, but in case the temperature is too low for 
egg deposition, the temperature of the laboratory room may be quickly 


‘Published as technical paper No. 164 with the approval of the Director of the 
Oregon Agricultural Experiment Station. A contribution of the Dept. of Ento- 


mology. 
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raised by an electric stove. Following oviposition, the larvae immediately 
break out of the chorions and crawl about within the glass tubes. 

4. Two binoculars designated as A and B are placed side by side 
for later use in parasitizing earwigs. 

5. A tube containing larvae and an ovipositing female is selected. 
The female is changed into another tube containing earwig odor. 

6. The tube containing larvae is placed under binocular A. A cellu- 
lose plug is taken out of one end of the tube. An earwig held by a 
spring paper clip is placed under binocular B. 

7. The operator grasps the tube now under binocular A with the 
left thumb and index finger, and all movements and adjustments of the 
tube are directed by the left hand. The operator holds a dissecting 
needle between the thumb and index finger of the right hand. The 
handle of the needle rests in the palm of the hand and the point of the 
needle is pointed towards the left hand. The operator looks through the 
binocular and selects a larva to be used. At the same time the point of the 
dissecting needle is inserted into the open end of the tube and, as the 
larva crawls about or is waving its body on its anal base, it is touched 
lightly with the point of the needle. The larva immediately releases its 
hold on the glass and adheres to the needle. At times, when the larvae 
do not leave the glass tube for the needle, the point of the needle may 
be dipped into a small vial containing the body fluids of earwigs. When 
the needle is then inserted into the glass tube, the larvae become exceed- 
ingly active and at once adhere to it. 

8. The operator immediately grasps the handles of a spring clip, 
holding an earwig under binocular B between the index finger and thumb 
of the left hand, views the earwig through binocular B, and places the 
larva on the point of the needle on the earwig. The larva then leaves 
the needle at once and adheres to the host. The best results are obtained 
by placing the larva on the earwig in such places that it starts at once to 
bore into the host. Generally such places are the coria surrounding the 
coxae, the coria of the neck region and the coria surrounding the genital 
openings. 

9. Each adult host earwig is parasitized with two larvae and then 
set aside for about two hours before being released from the clip. 

The number of larvae successfully handled in this manner depends 
largely upon the accuracy and efficiency of the operator. An experienced 
opeartor may readily place 150 larvae upon earwigs in one hour. 

Records kept during 1930 show that about 85 percent of the larvae 


placed on earwigs in this manner reached maturity. 
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While this method was highly satisfactory, resulting in a large in- 
crease of the parasite, it was superseded in the 1931 operations by a 
much improved technique in which anaesthetized hosts were used. The 
following modifications of the above described method were adopted in 
1931: 

1. The earwigs to be used in parasitizing are anaesthetized by being 
placed in a petri dish along with a few drops of chloroform. The earwigs 
are exposed to the chloroform until their motions become greatly slowed.’ 

2. Each anaesthetized earwig is inserted into a glass tube containing 
parasitic larvae and the larvae immediately contact the host. This is 
done by picking up the earwig by the cerci with a light pair of forceps. 

3. The anaesthetized earwig and parasite larva are then placed aside 
in a container. The larva bores into the host in the normal way and 
appears to suffer no ill effects from the chloroform absorbed in the 
body of the host. An operator may easily parasitize 350 earwigs, each 
with a single larva, in an hour by using anaesthetized hosts. 

Although percentages regarding the effectiveness of the parasitization 
of chloroformed earwigs cannot be completed until the end of the 1931 
operations, the large number of parasite puparia recovered to date point 
to a larger increase than was gained.by the 1930 method. 

A supplementary method to the above parasitizing methods may be 
used in cases in which gravid female parasites die just previous to the 
oviposition period. A circular damp blotter is put into a petri dish. The 
dead female is placed on the blotter under a binocular. The operator, 
using the binocular, opens the abdomen of the female with a fine pointed 
needle. The contents of the uterus are carefully spread out on the 
blotter. Many of the larvae immediately break out of their chorions and 
then are put on earwigs. 

*The writer is indebted to Robert Prentiss, student of the Oregon State College, 
who did preliminary tests on the mortality of earwigs anaesthetized by chloroforr 


during the spring of 1931. 
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SOME HIBERNATION HABITS OF THE PEA WEEVIL IN 
RELATION TO ITS CONTROL 


By A. O. Larson and F. G. Hinman, U. S. Bureau of Entomology 


ABSTRACT 

Pea weevil (Bruchus pisi) infestations have been found to increase on some isolated 
farms although only fumigated seed was planted and the entire crop was fumigated 
immediately after harvest. Pea weevils, which emerged from the shattered peas left 
on the ground, have been found hibernating in previously unrecorded places such as 
in moss, liverworts and lichens attached to the trunks and branches of trees. The 
presence or absence of suitable hibernating quarters may be a determining factor in 
the amount of infestation in different isolated pea fields. 


As has been pointed out by Whitehead (2) the pea weevil (Bruchus 
pist) has not been effectually controlled at any time since it was first dis- 
covered. The recommendations for control have been directed pri- 
marily toward the destruction of the weevils contained in the peas 
which were to be planted. Whitehead (2) further says that “it seems 
entirely possible that the real source of infestation is entirely different 
from that which we have always considered it to be and may prove the 
almost universal failure of our controls to be due to wrong principles in- 
volved rather than to poor application.” 

The writers have observed instances where weevil infestation has in- 
creased rapidly although the best known recommendations for control 
had been carefully followed, i. e., the seed peas had been thoroughly 
fumigated; in fact, the whole crop had been fumigated soon after harvest 
and no living weevils were found in the seed which was planted. One 
such case was a field 8 miles or more from any commercial planting of 
peas. The first year’s crop was in the nature of an experiment and con- 
sisted of only 2 acres. As a result of the very satisfactory yield 5 acres 
were planted the second year and 12 the third year. The first year’s 
crop was not reported to contain weevils and probably was only lightly 
infested while the third year’s crop had an infestation of 77 per cent. 
Although the acreage had increased six times during the three years, the 
actual percentage of infestation had probably increased ten times or 
more so that there were probably 60 or more times as many weevils in 
the crop at the end of the third year as at the end of the first year. 
Because of the great distance from other plantings of peas it is quite 
probable that all of these weevils were produced on the field with prac- 
tically no immigration. The crop was harvested before the weevils 
emerged and was hauled away and sold. Only the screenings were re- 
turned to the farm to be fed to live stock. The screenings, however, 
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were fumigated so that they were not the source of infestation for the 
next year’s crop. 

These peas had been cut with an ordinary mower and raked up with a 
hay rake, after which they were shocked by hand and were hauled to 
a stationary threshing machine to be threshed. In each of these pro- 
cesses considerable numbers of peas were shattered out and were left 
on the ground. Larson (7) showed that with the ordinary methods of 
harvesting Austrian Winter field peas in the Willamette Valley during 
1930, from half a million to more than three and a third million peas per 
acre were shattered out and left on the ground. He also showed that in 
one 40-acre field of peas approximately 47 million pea weevils were thus 
left in the field as a possible source of the next year’s infestation. 

The number of such weevils which survive and reach the succeeding 
crop would depend on two factors: the mortality of the weevils within 
the peas on the ground before the weevils emerge and the mortality in 
hibernation during the winter. Because of insufficient study it is im- 
possible to say what percentage of the weevils normally survive, but 
judging from the rapidity with which the isolated infestations appear to 
build up in the Willamette Valley, weevil survival during the winter 
must be great. Larson (7) showed that the weevils emerged from the 
shattered peas on the ground rather early in the fall. In one plot 
examined September 17 only 22 live weevils remained in the peas while 
339 weevils had emerged. Observation showed that the weevils in the 
peas on the warm ground completed their development and came out to 
seek hibernation quarters before most of the weevils in stored peas were 
fully developed. Along fence rows, or other places in the field where the 
vines had been missed in harvesting, weevils remained in the peas in- 
side of the pods long after they had emerged from the peas on the ground 
near by. 

The pea weevils have an interesting habit of emerging from the peas 
when the peas are slightly disturbed. They will emerge in one’s hand 
and immediately fly away. Similarly some of those weevils which are 
fully developed at harvest time will emerge from the peas during each of 
the operations of handling the peas. These weevils are decidedly more 
active than weevils which emerge the following spring. They take 
flight at once and appear to be strong fliers. This habit of emerging 
when the peas are agitated is of decided advantage to the species in 
localities where fumigation is practiced, as it insures some weevils to go 
into hibernation. 

In the past it has been reported that the pea weevils hibernate in 
fence rows, barns, and other sheltered places. The writers have found 
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them in hibernation in telegraph poles, electric light poles, fence posts, 
wooden fences, sheds, and barns, under and between shingles, in hay- 
racks and other farm machinery, but the principle place is in trees, 
under the loose bark or in crevices in the bark, also in the moss, liver- 
worts, and lichens on the tree trunks and in the branches. Probably 
any tree having a rough bark will be suitable for the pea weevil to hiber- 
nate in. The writers have found it in hibernation in apple trees, pear, 
cherry, different kinds of pines, firs, oaks, locusts, maples, etc. Near 
heavily infested fields it is possible to find more than one weevil per 
minute in the bark of oaks and firs. Plate 39 shows a pea field in Febru- 
ary showing the proximity to suitable hibernating timber. 

Plate 40 shows oak trees laden with the lichen, Usnea plicata, a winter 
home of the pea weevil. 

The long, grayish-green lichen, L’snea plicata, so abundant on oak 
trees, is a favored place for hibernation. As this lichen is very abundant 
throughout the Willamette Valley from the top of the trees to the lowest 
branches there is a great abundance of suitable material in which the 
pea weevil can hibernate. The writers have not examined the lichens in 
the tops of the trees or the rough bark near the tops, but at a distance of 
25 feet from the ground the weevils appear to be more numerous than 
they are near the ground, both in the rough bark and in the lichen. 
During February, 1931, eighty-two pea weevils were found in a burlap 
sackful of the lichen gathered from a tree at a height of 20 to 25 feet 
while only 36 were found in a similar amount collected within 7 feet of 
the ground in the same location 

The weevils appear to prefer to hibernate in tiny crevices running 
nearly vertically or in lichens which are hanging down from the branches. 
They do not always rest with their head in any given direction, as they 
are sometimes found with their heads in one direction and sometimes in 
another. When several weevils are found under the same piece of bark 
they may be heading in any direction. On warm days in winter they move 
about and may even leave their place of hibernation and they, or others, 
will come back to the same place for shelter. The writers have observed 
a marked crevice in an electric light pole. On September 29, 1930, three 
weevils were found in it. On other examinations it has usually con- 
tained from one to four weevils but on a few occasions it contained no 
weevils. The writers have failed to find the pea weevils hibernating 
under bark on fallen and partly decayed trees when standing trees were 
available. It is probable that the standing trees permit the weevils to 
dry more quickly after a rain storm and may otherwise offer better pro- 


tection. 
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Because weevil injury is most noticeable near the edges of fields and 
near brush and hedges, it has been suggested that the weevils hibernate 
in or under the grass, weeds, and leaves in such places. The writers, 
however, have been unable to find the weevils in such places although 
they found them in the cracks in the fence posts. In one instance where 
all of the grass and weeds and litter were carefully screened one dead pea 
weevil was found but no live ones were found. The adjoining field had 
been very heavily infested with pea weevils. 

Although insufficient time has elapsed to determine the effectiveness 
of burning over the stubble immediately after harvest, the control 
method recommended by Larson in Oregon Agricultural Experiment 
Station Circular 99, a search of hibernating quarters in and near burned 
fields indicated that early burning was effective. In one carefully 
burned field where counts of weevily peas after harvest indicated that 
231,000 pea weevils per acre were left on the ground the writers were 
unable to find any weevils in hibernation although hibernating places 
were as favorable as they were in another field where weevils were num- 
erous and where counts had indicated that there were 171,000 weevils 
per acre immediately after harvest. 

It is quite possible that the great abundance of suitable hibernating 
places so near to the pea fields in the Willamette Valley is largely re- 
sponsible for the rapid increase in the amount of pea weevil damage. 
It is also quite probable that the lack of suitable hibernating places is 
largely responsible for only a light infestation being found in some places 
where peas have been grown for a number of years with no apparent 
building up of heavy infestations. On the other hand it would appear to 
be entirely out of the question to try to control the pea weevil by the 

elimination of its hibernating quarters in some sections as these seem too 
numerous and too varied. 


LITERATURE CITED 


1. 1931. Oregon Agricultural Experiment Station Circular 99. Pea Weevil Control 
in the Willamette Valley. A. O. Larson. 

2. 1930. The Pea Weevil Problem. Journal of Economic Entomology, Vol. 23, p. 

398. F. E. Whitehead. 














October, '31] WEBSTER AND SPULER: TARNISHED PLANT BUG ON PEARS 969 


TARNISHED PLANT BUG INJURY TO PEARS IN WASHINGTON 


By R. L. Wesster and ANTHONY SPULER, Washington Experiment Station' 


ABSTRACT 

Damage to pears and apples by the tarnished plant bug was particularly severe in 
Washington in 1930. Pear orchards with a luxuriant cover crop of alfalfa or sweet 
clover were especially subject to injury. For a 14-day period beginning March 31, 
when pear blossom buds were swelling and particularly subject to injury, the effec- 
tive temperatures (above 50°F.) were especially favorable in 1930, much less so in 
1931 and still less in 1929. It is believed that the severe damage in 1930 is due to the 
prevailing temperatures during this period which were especially conducive to insect 
activity. 

Damage to apples and pears caused by the tarnished plant bug was 
conspicuous in Washington irrigated valleys in 1930; much less severe in 
1931. In 1930 Bosc and D’Angou pear trees in some orchards were 
practically stripped of their crop and Bartletts were severely injured. On 
apples, the Delicious appears to be much attacked by the insect, al- 
though damage has been commonly observed on Romes and Winesaps. 

On a trip to the Okanogan Valley, April 11, 1930, Harold Bliss, at 
that time District Horticultural Inspector for Okanogan county called 
attention to severe injury to pear buds, which had just become evident. 
Blossom buds were blighted severely suggesting injury by the pear 
thrips. The flower buds were not yet open. In addition to the blasted 
buds, globules of brownish, gummy liquid were exuding from attacked 
pear buds. Only rarely was a tarnished plant bug in evidence. 

In 1931 it appeared that the tarnished plant bug was likely to cause 
severe injury to pears again. The insects were abundant and some 
injury was evident as early as March 24 at Ellisford in the Okanogan 
Valley. The work of the insects was evidenced by brownish globules 
around the swelling pear buds. A few insects were observed in the pear 
trees and they were numerous in clumps of alfalfa at this time. 

April 11, 1931, further observations were made in the Okanogan 
Valley, and marked differences in the amount of injury were evident ina 
number of pear orchards. At this time it appeared that spring disking 
of the cover crop might only serve to drive the insects from the alfalfa 
into the pear trees and actually to increase rather than decrease the work 
of the tarnished plant bug. One case of severe injury at Ellisford oc- 
curred under just such conditions. The alfalfa cover crop was disked 
over until all green vegetation was thoroughly buried. Across the road 
from the spring disked orchard was a second pear orchard with an alfalfa 


‘Published as Scientific Paper No. 195 College of Agriculture and Experiment 
Station, State College of Washington 
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cover crop disked over in the fall. Here some damage occurred but far 
less than in the spring disked pear orchard. 

More favorable temperatures for insect activity persisted during 1930 
than in any year over a six-year period beginning in 1926. Compari- 
sons were made of effective degrees of temperature during a 14-day 
period beginning March 31 in each case. It is assumed that 50 degrees 
represents a minimum for the activity of this insect, although the exact 
figure may be several degrees lower. 

For the 14-day period in 1930 there were 256 day degrees all told in 
excess of 50.2 In 1931, representing a cooler period during which less 
injury occurred, the total was 126 day degrees, half as much as in 1930 
when the most severe damage to pears took place. In 1929 for this same 
period, beginning March 31 the total was 52 day degrees, less than half 
that of 1931 and approximately one-quarter that of 1930. Records for 
1926, 1927 and 1928 were 131, 132 and 113 day degrees respectively. 

The fact that so few of the adult insects had been present on pear 
buds during the course of these observations makes the recommendation 
for a contact spray early in spring of doubtful value. The insects move 
so quickly and readily from trees to cover crop or from orchard to 
orchard that it seems altogether unlikely that effective results may be 
obtained by the use of a contact insecticide at the time the damage to 
buds is accomplished. Moreover, spraying for the insects early in 
spring would have to be carefully timed, since it would be effective only 

during a period when they were present on the buds in large numbers. 
From our own observations such a time seldom occurs. It appears 
likely that the tarnished plant bug spends most of the time on the cover 
crop or on succulent weeds in the orchard. 

The adult insects have been found on cover crops and on weeds early 
in the season, but numerous individuals have been observed on sagebrush, 
not only adjacent to orchards, but also as much as one-half mile away. 
Those orchards contiguous to fields of alfalfa or adjacent to raw land or 
to sagebrush generally seem to be particularly susceptible to injury. 

That the cover crop in the orchard is a very important factor in the 
situation is evident. Two outstanding cases of injury, one in Wenatchee 
and the other near Peshastin, were in orchards with a heavy growth of 
sweet clover. In the first case, we observed the insects in large numbers 
in July 1931, following the damage early in spring. But the insect 
apparently is able to breed readily in alfalfa, since the eggs of tarnished 
plant bugs were found commonly July 18 in Wenatchee. Many of 
these were deposited in the axils of the plant, where they could be seen 

*The term ‘‘day degrees’’ as used in this paper refers to the maximum, rather 
than an average. 
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by splitting down the stem at that point. Other eggs were deposited 
in the tender stems between the nodes. All of them were found in the 
tender growth toward the tip. As early as June 26, 1931, eggs were 
found in alfalfa, deposited in the green flower buds before these had 
opened. 


STATISTICAL METHODS OF VALUE IN FIELD ENTOMOLOGY 


By Stewart Lockxwoop, California State Department of Agriculture 


ABSTRACT 

Methods of sampling insect populations and statistical ways of judging the value 
of average samples are discussed. 

In comparison with such subjects as astronomy, mathematics, chemis- 
try and physics, the biological sciences are far from exact, and yet 
biologists have to deal with the variable statistics of life—biometry. 
By definition biometry is the measurement of life. But the very nature 
of the biological sciences attracts mentalities better equipped to study 
the habits and appearances of plants or animals than mathematics. The 
various works of Pearson, Harris, Pearl and Lotka and some others are, 
in the mind of the writer, outstanding not alone for the immense amount 
of hard work done, but also because of the fact that these men used 
mathematical methods to analyze and interpret biological phenomena 
as they observed it. 

Entomologists are confronted with statistics at every turn they make. 
The taxonomists describe a new species and generally give a range in 
size, say from so many millimeters to so many more. Ecologists deal 
with counts of insects in different environments; and those working to 
find better, perhaps cheaper, methods of control have comparisons 
to make. 

Entomologists and practically all biologists have been criticized for 
drawing conclusions which their published data did not warrant. Sta- 
tistical troubles of those dealing with crop damage were dealt with by 
Marlatt (1924) and Gossard (1924) at the Cincinnati meeting of the 
Association. Probably the error of most common occurrence has been 
the assumption that an average of rather few and widely scattered 
variants was accurate. There are certain methods of judging the value 
of an average. It is not the intention to deal with the whole gamut and 
criteria of biometrical methods but to present. data of certain entomo- 
logical problems that have been dealt with where it was necessary to 
determine as accurately as possible insect populations. 

Obviously it is quite impossible to count the entire insect population 
ina unit. Investigators must make an estimate of the whole population 
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from samples taken. Methods of sampling insect populations must, of 
course, be accurate, and the numbers collected of sufficient size to give a 
reliable conception. Statistical methods cannot go beyond the personal 
element involved but can guide field workers as to methods and as 
to the number of samples necessary for apparent accuracy. 

The “‘pest gauge’’ described by McGregor (1926); orchard inspection 
for scale insects as practiced in California; and the methods advocated 
by Neuls (1918) are all efforts to eliminate as far as possible guesses as to 
insect populations. 

For several years the writer was engaged in work dealing with grass- 
hopper control. Attempts were made to find the most attractive baits 
to be used. 

METHOD OF OBTAINING THE Data. After mixing, samples of baits 
were placed on plaques and the number of grasshoppers feeding at the 
different plaques was counted every ten minutes from six o'clock in 
the morning until six in the afternoon. In order to insure a continuous 
supply of grasshoppers that had not fed on the baits, and to overcome, 
as much as seemed possible, any irregularities due to position of the 
baits to each other, fresh samples of each bait were placed on a duplicate 
set of plaques and these were placed at some distance from the first and 
in a different order than the preceding. This second series of plaques 
was placed ten minutes before the count was transferred from the pre- 
ceding set. Such changes of bait were made half-hourly except during 
the cooler parts of the day, when hourly changes were made. 

In order to avoid cumbersomeness and to insure greater accuracy, the 
problem was divided into several series of comparisons of from 5 to 12 
different baits. Each series was run sixteen days and the following 
data are that of the grasshoppers attracted to two different baits for 
sixteen days. 

Table 1 gives the daily number of hoppers feeding at the two baits and 
the summation for the sixteen days. While the numbers varied, bait y 
attracted more grasshoppers than x with the exception of two days. 
It is rather easy to see that y is the better of the two baits but the data 
can be used to illustrate the methods used when the difference is not so 
apparent. 

The main question that presents itself in such a problem is whether or 
not the difference between these baits is significant. 

MEAN OR AVERAGE. Observing the daily totals of the two baits, it is 
seen that there was considerable variation of the number of grass- 
hoppers feeding at each bait. The accuracy of an average or mean is 
governed by the variation. Had the numbers of grasshoppers feeding at 
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each of these baits been more uniform the two means could have been 
considered as better indices of the attractive power of the two baits. 


AvERAGE DeviaTIon. A measure of the mean then is the deviation 
of the individuals about the mean. The average deviation can be found 
by finding the departure either plus or minus of the individual counts 
from the average or mean, summing these without regard to sign and 
dividing this sum by the number of observations. 


TABLE 1. PROBABLE ERROR OF THE MEAN DIFFERENCE BY OBTAINING THE 
STANDARD DEVIATION OF THE DIFFERENCE WITHOUT THE USE OF THE 
CORRELATION COEFFICIENT 
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STANDARD DeviaTION. Statisticians do not use the average deviation 
because such an index does not give enough weight to the deviants that 
are farthest removed in value from the mean. In order to do this the 
deviations of the daily counts from the mean are squared, the sum of 
these squares is obtained, and divided by the number of observations 
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and the square root of this quotient is then found. This finally is the 
standard deviation and is used as a measure of the mean. This method 
of obtaining the standard deviation is, more or less, common and is used 
in Table 1. If one has the usage of a calculating machine, it is quicker to 
square each observation and divide the sum of these squares by the 
number of observations, and from this subtract the square of the mean 
and extract the square root of this result. This method was used in 
the calculations of Table 2. 


TABLE 2. STANDARD DEVIATION AND PROBABLE ERROR OF AN AVERAGE DIFFERENCE 
BY Drrect METHOD 
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8.6 


The formula of the first method is: 


_ ~(x—x)* 


that of the second 


N) 
PROBABLE Error. Hayes and Garber (1927) state: ‘The reliability 
of a particular biometrical constant is determined by its probable error. 
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The smaller the probable error in relation to the magnitude of the con- 
stant, the greater the confidence that may be placed in the meaning of 
the constant.” 

Harris and Benedict (1919) probably give as clear a statement of 
the conception of probable error as may be found though there are many 
textbooks on statistical methods which discuss this subject. 

Babcock and Clausen (1918) quoting Reitz and Smith give the follow- 
ing: “If the difference does not exceed two or three times the probable 
error thus obtained, the difference may reasonably be attributed to 
random sampling. If the difference between the two results is as much 
as five to ten times the probable error, the probability of such differ- 
ences in random sampling is so small that we are justified in saying 
that the difference is significant. In fact a difference of ten times its 
probable error is certainly significant insofar as there is certainty in 
human affairs.” 

Statisticians have developed several formulas for obtaining the prob- 
able error of a mean as average. Hartzell (1924) discusses three such. 
An effort should be made to make as many observations as possible 
within the limits of time and finances and use what Hartzell terms 
the “‘Gaussian” method of finding the probable error. 

Not all insects can be drawn to baits to be counted but comparisons 
of the number of living insects before treatment can be made with the 
number left after an insecticide has been applied. The number of 
insects counted certainly must be large enough to give a true picture 
of the degree of infestation. If the infestation over the crop to be 
treated is rather uniform as to numbers, the number of samples may be 
smaller than if the population per tree, leaf, vine, quadrat or other unit 
used is irregular. This often seems to be the case. 

As a rule uniformity of infestation is related in direct proportions to 
the severity of damage. 

For the past two years the grape leafhopper, Erythroneura comes Say, 
has caused considerable damage in certain parts of California. Many 
efforts have been made to find more effective methods of control and 
this has called for comparisons of the original infestation and that 
after the insecticide had been used and sufficient time elapsed for the re- 
sults, if any, to become apparent. The question arises in making such 
comparisons as to how many leaves must be examined and the leaf- 
hoppers counted before an idea of the population per leaf be obtained 
for the whole area to be treated. 

As observed these applications of new insecticides have been made 
on from just a few vines to two acres. 
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Dr. W. C. Cook of the Federal Bureau of Entomology has told the 
writer of the work of Wright (1925) discussing statistical methods of use in 
determining how many units need be examined for a stipulated degree 
of probability of accuracy. This method Cook discussed in detail at 
the Ecologist’s society. 


TABLE 3. Counts oF GRAPE LEAFHOPPERS PER LEAF 


Number of 
hoppers Squares 
407 165,649 3166 , 
’ w—— = 131.92 
262 68,644 
125 15,625 
41 1,681 
45 2,025 
192 36,864 
256 65,536 
42 1,764 
176 30,976 
172 29,584 
240 57,600 
19 361 
209 43,681 
93 8,649 
87 7,569 
74 5,476 
93 8,649 
116 13,456 Ratio 10.24 
122 14,884 
19 361 
139 
16 
60 3,600 
161 25,921 


Total 3,166 628,132 


Dm 
2 
) =17,402.89 











In Table 3 are presented data of the number of young leafhoppers on 
24 leaves taken at random from that many vines of Thompson grapes. 
By scanning the data it is readily apparent that there was a considerable 
variation of the leafhoppers per leaf yet if the arithmetic is correct the 
ratio of the average to the probable error of this factor is 10.24. The 
chances are great that if the investigator made counts of these vines later 
and found a different average he would be justified in stating that the 
difference of the two averages was not due to errors made in random 
sampling. 

OrcHARD Inspection. In the orchards of California field men are 
called upon to examine the trees and rate the orchard with regard to the 
scale infestation present. Inspection is made of the insects on leaves, 
fruit and twigs. It would seem well nigh impossible to make an in- 
spection of every tree in every grove. The number of trees inspected 
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and their location in the orchard should be such that as accurate an 
idea as possible was obtained for the whole grove. Sampling is quite 
often done by the so-called “hour glass method” with modifications. 
It would seem that if this method contacts approximately an even 
number of trees for each spray tank of material or each set of fumi- 
gator’s tents used that it should be more or less standardized upon. 

The fact that the different species of scale insects attack different 
parts of the tree, such as leaves, twigs, fruit or branches makes it diffi- 
cult to standardize on the unit of each tree to be examined. In some 
cases the insects are found largely on leaves and the population of the 
leaves is counted, others live on twigs and a certain length of twig is 
used. 

Whatever may be the unit of measure it is necessary to examine 
sufficient units on each tree to get an estimation of the pest population 
of that tree. It would seem wise to consider the entire tree as a unit 
rather than small portions of the tree which may have been missed 
during the application of an insecticide or have been in a different en- 
vironment than the tree as a whole. 

Individual findings and interpretations of findings will vary as long as 
there are individuals. Inspection systems should be so standardized 
that there would be reasonable certainty that if another inspection is 
called for that the same approximations will be found within reasonable 
limits. 

A short time ago three field entomologists made counts of living 
citricola scale on twenty trees. Two of these men counted the popu- 
lation found on five leaves taken from different twigs on each of the 
twenty trees. The other counted the insects on five leaves for each tree 
but took the five leaves from one twig. The first two found an average of 
2.23 and 2.58 scales per leaf, the last 1.49. Using the same method of 
calculating the probability of the averages, it would seem that the first 
two averages may be somewhat closer to the true average per leaf 
if the insects on all the leaves had been counted than the last method. 

In determining a method to be used in this work it would seem well to 
consider the fact that the system that results in the least variation 
would probably be the most accurate. Solving for the coefficient of vari- 
ation would act as a guide in determining the method of sampling to be 
used. 

In estimating the mortality of insects caused by control measures 
percentage is often used. This may be confusing and misleading unless 
some explanation is given. Does a 96 per cent mortality mean that 2 
insects were left from 50, or 4 from 100; or 40 from 1000. It would be 
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less confusing to give these figures or give the average mortality over the 
area treated. 

In describing the condition of an orchard, general terms, such as 
severe, medium or light infestation, are often used. 

No criticism of these terms is intended except to state that it seems 
more difficult to keep a uniform meaning in mind for such terms than it 
is to give numerical descriptions of the infestation. 

With a tablet of cross section paper, a table of squares and square 
roots, such as Barlow’s Tables (1924) it is not difficult to determine the 
average and ratio of the average found to its probable error. 

The table presented by Livermore (1915) which gives the product of 
.6745 times the square root of any number from 1 to 1000 also saves 
mental work in such calculations. 
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PRESENT TREND OF OIL SPRAYS 
By E. R. pE ONG, Consulting Entomologist, San Francisco, California 


ABSTRACT 

A discussion of the types of oil now commonly used on the Pacific Coast. The 
present tendency of using oils with larger amount of sulfonatable material is possible 
through the use of lower viscosities. Such oils are cheaper than the heavier and more 
highly refined ones and also for some purposes may have a greater insecticidal value. 
Laboratory data is given on the values for oils of different viscosities, also changes in 
viscosity through field temperature variations. The preservative action is shown of 
pine tar oils when used in small percentages with emulsions made with casein or blood 
albumin. 


The use of refined petroleum oils for orchard and garden spraying has 
now reached the figure of approximately five million gallons annually on 
the Pacific Coast. This figure seems conservative and one which is 
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constantly being increased. For ‘example, in the Northwest apple 
district, very rapid increases in the consumption of oil in summer spray- 
ing have come through its inclusion in codling moth spray program. 
In the deciduous orchards of the entire coast, there has been and is an 
increasing tendency to supplant lime sulfur solution with the more re- 
fined types of dormant oil sprays. This movement is especially desirable 
in an orchard where summer oil sprays are to be used since residual 
sulfur from the dormant application occasionally results in a sulfur-oil 
burn on application of the foliage type of oils. In the citrus district, the 
place of petroleum oil is now generally recognized as having certain 
advantages over both fumigation and the application of any other types 
of sprays. The two fields are now quite sharply defined with little 
apparent change in the respective acreages controlled by the different 
processes. 

The above expansion is based primarily on the use of refined viscous 
oils. Until the use of the more refined fractions, the Entomologist was 
confined largely to kerosene as the only fraction tolerated by the active 
plant. The work of Ackerman! has shown the superiority of the lubricat- 
ing oil over kerosene as a scalecide, but this work was limited through 
the use of partly refined distillates only. Within the last few years 
much study has been given to the use of refined distillates, the tolerance 
of plants to those of different sulfonatable values and viscosities, to- 
gether with a more general knowledge of types of emulsions. Studies? 
along these lines have led to wide experiments with oils of 100 seconds 
Saybolt and almost pure saturates, with a gradual trend away from 
these higher standards to the more liberal practice of the present where- 
in the unsulfonatable value ranges from 85 to 95 per cent with vis- 
cosities of 65 to 75 seconds Saybolt. The heavier oil in its high state of 
purification still has limited uses where no other spray will give as satis- 
factory results, but for general consumption, the lighter types of oil and 
also those with a slightly lower degree of refinement are proving much 
more satisfactory. One of the principal advantages in the use of the 
latter type of oil is in the lowered cost since it is the removal of the last 
traces of unsaturates from the petroleum fraction which adds so much 
to the cost of the operation and in some instances have been known to 
render the oil more liable to oxidation. By the use of oils of greater 
volatility and lower viscosity, translocation in ,the leaf is accomplished 

‘Ackerman, A. J., U.S.D.A. Circular 263, June, 1923. 

*de Ong, E. R., Knight, Hugh and Chamberlin, J. C., Hilgardia (California Agri- 
cultural Experiment Station) Vol. 2, No. 9, January, 1927. 
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more readily and a certain amount of oil is lost by evaporation both 
before penetration and to a slight extent afterwards. 

Errect oF UNsATURATES. Besides the above reasons for using the 
oils of lower viscosity and sulfonation value, there has also been found in 
careful laboratory experiments that the higher concentration of un- 
saturates shows slightly more toxicity as fungicides than oils of 98 to 
100 per cent unsulfonatable value. Higher insecticidal values on sus- 
ceptible insects have also been shown, but this is not always distinguish- 
able in field work on resistant scale. This difference in toxicity is not 
as marked as might at first be thought since apparently the first or 
second treatment with sulfuric acid or sulfur dioxide removes the 
parts dangerous to plants and insects. The residue of unsaturates re- 
maining after this first or second treatment is only removed by a much 
more severe refining process and apparently is not in itself so dangerous 
to the plant as those portions removed at the very beginning of the 
treatment. This point has been shown in the following laboratory 
experiments where small amounts of almost pure unsaturated hydro- 
carbons removed by the sulfur dioxide process from kerosene were 
added to a lubricating oil of 100 seconds Saybolt and 98% unsulfon- 
atable (Oil No. 5 in Table 1). It is not implied in the least that the 
following figures are a duplicate of what would occur by the use of oils 
containing a similar amount of residual unsaturates, but it does show 
that such materials removed in the early part of refining are much more 
toxic to insects than are saturated hydrocarbons. It was also found 
that the addition of 1 to 5 per cent of these unsaturates to practically 
pure saturated compounds increases the rate of oxidation very greatly 
in excess of the proportion of unsaturates added, that is, the addition 
of 1% of unsaturates increased the rate of oxidation almost as much 
as the addition of 10% unsaturates. It will be noted in the figures 
given on toxicity that there is rather a close correlation between the per- 
centage of unsaturates and the toxicity of the blend in question. 

REPELLING ACTION IN RELATION TO Viscosity. The following data 
confirms numerous field observations on the relative effect of oils with 
different viscosities in killing and repelling the common species ot red 
spider on prunes. Potted French Prune trees in the greenhouse were 
sprayed with petroleum fractions, using two trees to each type of oil. 
The latter was emulsified with the usual mixture of calcium and casein 
with a 2% concentration of oil. The oils used had an unsulfonatable 
residue ranging from 95 to 98 per cent. The viscosity range included 
kerosene and lubricating oils of the following viscosities: 50-60, 70-80, 
100-110, and 220-230 seconds Saybolt. 
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Kerosene, when used as a spray, was sufficiently volatile as to be 
largely lost from the foliage within ten days. The mites, which had 
escaped the oil application and those hatching from the eggs present, in- 
creased very rapidly on the kerosene sprayed trees and within three 
weeks after spraying these trees were almost completely defoliated. 
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The preservative or repelling effect of the other oils used was directly 
proportional to their viscosity. The heavier the oil, the longer it per- 
sisted on the leaves, both externally and internally, while the mites 
were held in check in almost the proportion as the oil remained present, 
consequently much of the foliage treated with the heaviest oil (220- 
230 seconds) was present on the trees four months after the application. 

Leaves which were oil soaked for so many months were of course not 
entirely normal nor were the trees in a thrifty condition, but the re- 
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pelling effect of the oil was well demonstrated. The trees treated with 
kerosene and defoliated in three weeks had in the meantime developed 
two other crops of leaves which, as is generally known, is at the expense 
of the stored food. The last two crops of leaves also dropped as a 
result of the attack of the mites. Hence, the trees treated with the 


TABLE 1. Toxicity oF Ors TO BEETLES BY IMMERSION TEST 


Oil No.5 Oil No.5 Oi No.5 Oil No.5 Oil No.5 
e 90°, 95°; 97.5% OSS, 99.4% 
No. of Oil Unsat. Insat. Unsat. Unsat. Unsat. 
Seconds No. 5 10°, : . 1.2% 0.6% Pure 
20 — 10 - - 
30 - 23 — 
40 6 
i 33 
60 7 
70 
SO 
940 
100 
110 


— 
~ 
coe 


3 
») 
8 
4 
3 


' 
wm | Ate | 


420 
430 
450 
510 
540 
600 
640 
Average 
No. Sec 268 46.2 ; 140.9 
Total No. 
insects 
used 18 102 SS 64 4 78 92 
“Unsaturated hydrocarbons, aromatics and olefins removed from \ rude kerosene. 





October, '31] DE ONG: PRESENT TREND OF OIL SPRAYS 983 


heaviest oil were in a much better condition at the opening of winter 
than those treated with kerosene. The oil with a viscosity of 70-80 
seconds gave the best results of any of the five oils used, when pro- 
tection as well as the general thrift of the tree was considered. 

VISCOSITY AND TEMPERATURE. Much attention, and properly so, is 
being given to viscosity as one of the important specifications for oils to 
be used on plants. It should be noted, however, that such specifications 
are customarily taken at 100°F. and what is frequently overlooked is the 
changing viscosity resulting from the difference in temperature owing 
to the season of the year in which such oils are used. Changes in vis- 
cosity are given in Figure 63 which occur in the range from 30° to 150°F. 
as the outside range of temperatures found in spray applications under 
practically all conditions. 

The normal viscosity or specification from which the oil would be 
classified may be found at the point of 100°F. Noting this temperature 
on the chart, it will be seen that the range in viscosity 1s from 57 to 105 
seconds, which is the common usage in our commercial spray oils. 
Should the oils be used during hot weather in the summer, it will be 
seen that the heaviest one drops to 53, which is actually below the 
viscosity of the lightest oil in the group. By contrast, the lightest oil 
used has at 30°F. raised to 250 seconds viscosity and the heaviest one 
to 1250. It is not meant by this to minimize the value of viscosity as a 
valuable aid in choosing oils, but certainly consideration must be given 
to the field temperature at which such oils will be used. The use of 
viscous oils near the freezing point may readily lead to such high vis- 
cosities as to make practically impossible the proper spreading of the oil 
over the surface of the twig, necessitating greater care in coverage and 
preferably the use of a good type of spreader or fixator, which will in a 
measure overcome such difficulties. It would also be advisable where 
spraying is done during the coldest weather to use oils of about 85 to 90 
degrees viscosity. 

EMULSION PRESERVATIVE. The use of organic emulsifier, such as 
casein and blood albumin, naturally leads to occasional spoilage through 
bacterial decomposition. The use of preservatives to prevent such 
action has frequently been recommended even to the inclusion of alcohol 
up to 30 and 40 per cent which, of course, would be impractical. Cresylic 
acid, another commonly used preservative, is decidedly dangerous to 
plants and as occasionally happens, where this is present in the form of a 
soap, causes breaking of the emulsion through contact with hard water 
or lime-sulfur solution in the tank, thus freeing the acid. Such broken 
emulsion, when sprayed on trees, will yield a high concentration of oil, 
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at first followed by a layer containing a greater part of the Cresylic acid, 
while the remainder is largely water. Such accidental concentrations of 
Cresylic acid have been known to kill even dormant trees. The use 
of salts, such as sodium fluosilicate and sodium orthophenylphenate, 
all offer difficulty in combining emulsions with lead arsenate. In an 
effort to avoid the above complications, experiments in comparative 
preservative action were made with an especially treated pine tar oil 
(Palustrex), Chlorinated Palustrex and Cresylic Acid. In Tables 2 and 
3 counts made at six to thirty-six day intervals show that Cresylic 
Acid was inferior to the pine tar oil in all proportions, also that the 
action was progressive, the final count at thirty-six days showing in 
almost all instances the lowest count. The results were similar both for 
the aerobic and anaerobic bacteria. 


TABLE 2. AgRopic* BACTERIAL CouNTS OF SPRAY SAMPLES PRESERVED WITH PINE 
Tar Om, with Prine Tar Ort CHLORINATED, AND WITH CRESYLIC ACID 


Thirteen Twenty-  Thirty- 
Treatment Control Six days days nine days six days 
Pine tar oil 1.25%..... 62,500 perce 450 perce 200perce 150perce 40perce 
Pine tar oil 2.5%. . . 47,000 perce 25perce 2WOperce L5perce Operce 
Pine tar oil 5.0%. . 4,200 per cc Tperce S5perce Sperce Operce 
Pine tar oil 10% 1,200 per ce 1 per cc 0 per cc O per cc O per cc 
Pine tar oil (chlori- 
nated) 1.25%....... 0,000 perce 400perce 40percce Operce Operce 
Cresylic acid 1.0%..... 3,200perce 550 perce 230perce 250 perce 200 perce 
*Aerobic = Bacteria living in presence of air. 


TABLE 3. ANAEROBIC* BACTERIAL COUNTS OF SPRAY SAMPLES PRESERVED WITH 
Pine Tar Ot, with Pine Tar Or CHLORINATED, AND WITH CRESYLIC ACID 


Thirteen Twenty-  Thirty- 

Treatment Control Six days days nine days. six days 
Pine tar oil 1.25% 275,000 30,000 20,000 14,000 550 
per cc per cc per cc per cc per cc 
Pine tar oi1 2.5%. . 800,000 17,5 1,300 30 10 
per cc per cc per cc per cc per cc 

Pine tar oil 5.0%. ... .. 140,000 7,000 1,500 100 5 

per cc per cc per cc per cc per cc 
Pine tar oil 10%%........ 200,000 100 75 30 5 
eT CC per cc per cc per cc per cc 
Pine tar oil (chlorinated) 185,000 90,000 30,000 250 0 
1.25% er cc per cc per cc per cc per cc 
Cresylic acid 1.0%....... 100,000 120,000 50,000 15,000 6,800 
per cc per cc per cc per cc per ce 


*Anaerobic = Bacteria living in absence of air. 


These experiments were made with emulsions containing 1.6% casein 
and 1.0% dried blood albumin of the total prepared concentrate, both 
forms being used so as to give the greatest possibilities of bacterial re- 
actions. The cultures were inoculated with old samples of emulsions 
made with casein and blood albumin which, from the odor, showed that 
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decomposition was in progress.’ The inclusion of the treated pine tar 
oil in the above proportions is thus shown to be an active preservative, 
but without the danger of chemical reaction in the spray tank in com- 
bination with lead arsenate and also at the proportions used has never 
shown the slightest injury on any plants. This fraction of pine tar oil 
has been prepared especially for use on plants and has been used by the 
author in dilutions as high as 5% without injury on apples and pears. 
By contrast, the above dilutions in oil emulsions which are then diluted 
1 to 2 per cent, will be entirely safe from the plant standpoint and also 
the pine tar oil used will contribute along the same lines of toxicity as 
petroleum oil itself. 


STUDIES ON THE OIL DEPOSITING QUALITIES OF OIL 
SPRAY MIXTURES 


By Ravpu H. Situ, Entomologist, University of California Citrus Experiment Station, 
Riverside, Calif. 

On the basis of our present knowledge, it appears that the efficacy 
and practical usefulness of oil sprays in the control of insects on Citrus 
trees and other trees bearing foliage depend on three principal factors: 
(1) the degree of refinement of the oil as indicated by the percentage of 
unsulfonated residue, (2) the heaviness of the oil as indicated by the dis- 
tillation range, and (3) the quantity of oil deposited on the insect and 
tree, and the character of the deposit. 

Our knowledge of the chemistry of petroleum oils is decidedly in- 
complete and the possibility exists that there are more satisfactory 
criteria than unsulfonated residue and distillation range for judging the 
suitability of oils for spray purposes. The concerted effort now being 
put forth by various agencies to unravel the chemistry of petroleum 
oils of the lubricating type may bring information which will enable 
us to produce and select spray oils that are more satisfactory than those 
in use at the present time. However, experience with highly refined oil 
sprays during a period of six years indicates that the criteria now used 
afford a very satisfactory basis for classifying and standardizing spray 
oils. 

Factors RELATING TO THE PERFORMANCE OF O1L SPRAY MIXTURES. 
The investigation in which the author has been ‘particularly interested 
relates to the standardization of spray mixtures as regards their per- 


‘This work was done by one of the most noted bacterial laboratories on the Pacific 
Coast where every precaution was taken to make the experiments as exact as possible. 
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formance when applied to trees. The significance of this problem was 
indicated in an article in the Journal of Economic Entomology in 1930 
(Vol. 23, pp. 376-382). A publication giving a detailed account of the 
work will probably be ready for distribution before the end of the present 
year. The scope of the investigation is indicated by the following out- 
line of factors studied: 


Quantity of oil deposited and character of deposit, as related to: 
(a) Percentage of oil in spray 
(b) Physiochemical nature of spray mixture: 
The oil 
Percentage of unsulfonated residue 
Viscosity 
Size of oil globules 
The emulsifier or spreader 
Kind of emulsifier 
Amount of emulsifier per unit volume of water and per unit 
volume of oil 
The spray water 
Kind and amount of salts in solution 
Kind and amount of insoluble material 
Dineric interface 
Nature of adsorbed films 
Interfacial tension 
Electrical charge of oil globules 
(c) Quantity of spray applied 
(d) Manner of application—continuous, intermittent, repeated 
(e) Duration of application 
(f) Manner in which spray falls upon or strikes surface 
(g) Character of surface sprayed 
(h) Pressure with which spray is applied 
(i) Spray nozzle—adjustment, size of orifice in disc. 


Quantity oF O1t DeposiITeD BY PROPRIETARY EMuLsIONS. In the 
article referred to, a report was given of the quantity of oil deposited on 
sections of glass 25 sq. in. in area by 12 brands of proprietary emulsions, 
the spray containing 2 per cent oil and applied with an atomizer under a 
constant pressure of 3 pounds. The quantity of oil deposited ranged 
from 11 to 33 mg. During the year 1929 a precision sprayer was built 
with the object of applying small quantities of spray through a standard 
type of nozzle in a manner comparable to that effected in orchard spray- 
ing. Tests were made in 1929 and 1930 with 40 brands of emulsions, 
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representing the products of 11 manufacturers. The spray was applied 
to sections of glass under a pressure of 50 pounds. The average amount 
of oil deposited by the emulsions of each manufacturer is as follows: 


Oil deposited by emulsions in: 
Manufacturer 1930 


6 
6* 


é 
Ss 
9 
10 
1] 


Manufacturers No. 4 and No. 6 marketed spreaders to be used with 
their emulsions. In the tests marked with an asterisk the emulsions 
were used with the spreaders as recommended by the manufacturers. 
The spreader of manufacturer No. 4 was reported to consist principally 
of blood albumen, water, and a preservative substance. The use of the 
spreader in 1929 resulted in greatly increasing the quantity of oil de- 
posited, but its use in 1930 did not materially affect the oil-depositing 
quality of the emulsions. The spreader in 1930 was evidently different 
in quality from that in 1929. The spreader of manufacturer No.6 ap- 
parently consisted of casein, hydrated lime, and soy bean flour. It re- 
sulted in greatly increasing the amount of oil deposited. 

Leaving out of consideration the tests in which the spreaders were 
used, it will be noted that in 1929 the emulsions of manufacturer No. 9 
deposited five times as much oil as the emulsions of manufacturer 
No. 10, and in 1930 the emulsions of manufacturers No. 4 and No. 7 de- 
posited more than five times as much oil as the emulsions of manu- 
facturer No. 3. 

Quantity oF O1, DEposITED IN RELATION TO INSECT CONTROL AND 
SAFETY TO TREE. The numerous factors of heterogeneity, such as 
degree of infestation, condition of tree, thoroughness of application, 
purity and distillation range of oil, encountered in the practical use 
of proprietary emulsions often make it difficult to evaluate differences 
in insect control and injurious effects which may be due primarily to 
variations in oil-depositing quality. It appears, however, that de- 
pendable data can be readily obtained experimentally by using a given 
oil and varying the amount of emulsifier. In Table | are given the re- 
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sults of a series of eight experiments in which orange trees were heavily 
sprayed with an oil of 85 per cent unsulfonated residue, and the amount 
of oil deposited judged by the number of leaves dropping per tree. The 
spray was applied as a tank mixture. The treatments in each experi- 
ment are rated according to the amount of leaf-drop, 1 indicating the 
smallest amount of leaf-drop and 7 the largest amount of leaf-drop. 


TABLE 1. RESULTS OF ORCHARD TESTS ON THE QUANTITY OF Or DeEposITep. THE 
Various Sprays tn Eacu TEst ARE RATED ACCORDING TO THE AMOUNT OF 
LeAF-Drop THEY PRODUCED, THE AMOUNT OF Le&aF-Drop BEING 
REGARDED AN INDEX TO THE QUANTITY OF Or DeposITeD. THE 
LARGEST NUMBER INDICATES THE HEAVIEST Drop, THE SMALLEST 
NUMBER THE HiGHest Drop 


Kind and amount of emulsifier Rating of sprays according to amount of 
leaf-drop produced 


Test Test Test Test Test Test Test Test Aver- 
1 2 3 4 f 6 7 S age 


Oil and water only se 6 é f 6.1 
Blood albumen spreader* 
4 ounces to 100 gallons 
6 ounces to 100 gallons 
8 ounces to 100 gallons 
Calcium caseinate 
4 pound to 100 gallons a 5 
1 pound to 100 gallons 6 : } 6 
2 pounds to 100 gallons ee 3 é 4 


*The blood albumen spreader consisted of 1 part of Grade A powdered blood 

albumen, approximately 98 per cent soluble, as manufactured by Armour & Com- 
pany, and 3 parts of fuller’s earth, the latter being used merely as a filler. 
The largest amount of drop was produced by the spray of oil and water 
only. On an average, the trees were about 90 per cent defoliated. The 
sprays containing calcium caseinate spreader produced, on the whole, 
nearly as much drop as the spray of oil and water only, the defoliation 
being estimated at about 75 per cent. There was no particularly de- 
cided difference in the drop produced by % pound, 1 pound, and 2 
pounds to 100 gallons. The amount of drop produced by the blood 
albumen spreader varied inversely with the amount of spreader used. 
It was estimated that 4 ounces to 100 gallons produced a defoliation 
of about 60 per cent, and 8 ounces to 100 gallons a defoliation of about 
20 per cent. This spreader consisted of 1 part of Grade A powdered 
blood albumen and 3 parts of Fuller’s earth. 

The results of these experiments agree with the data obtained in a 
series of orchard tests in which orange trees infested with black and 
citricola scales were sprayed with tank mixtures containing various 
amounts of spreader. A summary of certain tests is given in Table 2. 
The data indicate that the sprays of oil and water only; and oil, water, 
and calcium caseinate, were more efficient than those containing blood 
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albumen. The differences in the degree of control became less and less 
as the percentage of oil was increased, with the result that when 2 per 
cent of oil was used the spray containing blood albumen spreader 
at 4 ounces to 100 gallons gave nearly the same control as the spray of oil 
and water only. The explanation of this fact apparently is that when 2 
per cent of oil was used, sufficient oil was deposited by the spray con- 
taining the blood albumen to kill the insects hit while the sprays of oil 
and water only; and oil, water, and calcium caseinate, probably de- 
posited a larger amount of oil than was required to kill the insects. 


TABLE 2. SUMMARY OF THE RESULTS OF EXPERIMENTS IN SPRAYING FOR BLACK AND 
CitrRicoLa ScALEs In 1930, SHOWING RELATION OF KIND AND AMOUNT OF 
SPREADER TO EFFICIENCY OF CONTROL 

Percentage of oil in spray 


13 per cent 1} per cent 13 per cent 2 per cent 
Kind and amount Num- Insects Num- Insects Num- Insects Num- Insects 
of emulsifier ber of alive berof alive berof alive berof alive 
tests percent tests percent tests percent tests percent 
None (oil and water 
ee oe 7 2 8 19 9 O07 3 .03 
Blood albumen 
spreader 
6 ounces to 100 
gallons. ... 
12 ounces to 100 
gallons...... 
Calcium caseinate 
4 pound to 100 
gallons ; ‘ 29 


THE FUNCTION OF EMULSIFIERS OR SPREADERS. It appears that the 
function of an emulsifier or spreader is four-fold: (1) to hold the oil in 
an emulsified condition during the transportation and storage of the 
emulsion and until it is used by the grower, (2) to make it easy to main- 
tain a uniform dispersal of the oil through the water in the spray tank, 
(3) to cause the spray mixture to spread over the surface of the tree, 
thereby facilitating the application of the spray, and (4) to govern the 
amount of oil deposited and the character of the deposit. The last two 
factors are the only ones which pertain to the functioning of the spray 
as it is applied to the tree, and are the ones with which we are here con- 
cerned. When the quantity of spray falling on a leaf is not sufficient 
to produce a run-off, all of the oil contained in the droplets or the film 
of spray is deposited on the surface, but when the quantity is sufficient 
to result in some of the spray running off, only a portion of the oil con- 
tained in the spray is deposited. For the sake of clearness, the terms 
“initial deposit” and ‘‘secondary deposit” are introduced. The initial 
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deposit refers to the oil that, apparently, is deposited on the surface 
the instant the spray strikes the surface. The secondary deposit refers 
to the oil that is deposited as a result of the evaporation of the water 
in the droplets of spray, or the film of spray, or as a result of droplets of 
spray running off the surface. The present study has shown that certain 
brands of emulsions and tank mixtures containing certain spreading or 
emulsifying substances produce particularly heavy initial deposits. 
This fact is illustrated by the photomicrographs in Plate 41, showing 
samples of spray emitted through a nozzle under a pressure of 300 
pounds. A microscope slide was exposed momentarily to the spray 
and instantly covered with a cover glass. The photomicrographs 1A and 
2A were made with the microscope focused on the surface of the micro- 
scope slide, and show the globules or masses of oil constituting the in- 
itial deposit. Photomicrographs 1B and 2B were made with the micro- 
scope focused just below the cover glass, and show the globules of oil in 
suspension or in contact with the cover glass. 1A and 1B represent a 
spray containing an emulsion which ranked low in oil-depositing quality. 
It will be observed that the initial deposit (1A) is very light, consisting 
only of a few scattered globules. Probably 95 per cent of the oil re- 
mained in the film of spray mixture. 2A and 2B represent a spray con- 
taining calcium caseinate. A large proportion of the oil apparently 
made contact with the surface the instant the spray fell on the slide 
(2A), forming a heavy initial deposit. 

The study has shown that sprays which produce heavy initial de- 
posits rank high in oil-depositing quality, but the initial deposit does not 
account for the heavy deposits of all sprays which rank high in oil- 
depositing quality. A spray of oil and water only produces a heavy de- 
posit yet the initial deposit is very light, being similar to that shown by 
photomicrograph 1A. It appears that the high oil-depositing quality 
of oil-and-water spray and many sprays which do not produce particu- 
larly heavy initial deposits, can be explained in part at least by the 
wetting quality of the sprays. In general, sprays which wet and form 
a film on the surface do not rank as high in oil-depositing quality as 
sprays which wet poorly. If a film of spray mixture is formed by the 
first droplets that fall on the surface, the succeeding droplets fall on the 
film which serves as a protection against a further deposit of oil. If 
the spray wets poorly and forms in drops, however, the interspaces 
among the drops present an exposed oil-covered surface, and each time 
the spray nozzle is passed over a given portion of the tree an additional 
deposit of oil is made. As the drops of spray roll off, the globules of oil 
are brought in contact with the surface of the tree and are deposited. 





Photomicro 


S00 7 


‘aphs of oil spray emitted tl 
wounds, illustrating initial deposit 
microscope focused on the surface of tl 


hit the slide. 2A and 2B were taken wit! 


coverglass and show the oil in suspensior 


1A and 1B, a spray ranking low in quantity 


2A and 2B, a spray of oil, water and 
quantity of oi] deposited 


masses which apparently made contact 


Plate 41 


ray nozzle under a pressure of 
1A and 2A were taken with the 
slide and show the globules 


le the instant the spray 


microscope focused just below the 


with the coverglass 


h ranks high in 








October, '31] HERBERT: OIL AND NICOTINE COMBINATION 991 


EMULSIFIERS OR SPREADERS IN RELATION TO THE CHARACTER OF THE 
Om Deposit. The conception generally held that a droplet of oil 
placed on a surface will spread and creep indefinitely, forming a thin 
film, is erroneous, in part at least. It appears that one function of a 
spreader is to cause the oil to spread on surfaces where spreading other- 
wise would not take place. For example, droplets of oil deposited on the 
smooth under-surface of the citrus leaf do not spread. When the spray 
contains an effective spreading substance, the formation of a uniform 
film of oil appears to be due to three phenomena: (1) the droplets of 
spray flatten out the instant they strike the surface, (2) the globules 
of oil are held enmeshed at the surface of the film and do not migrate 
and form masses at the edges of the droplets, (3) as the water evaporates 
the spreader lays down a coating on the surface over which the oil 
spreads in a uniform film. 


HISTORY OF THE OIL AND NICOTINE COMBINATION 


By FranK B. HERBERT, Entomologist, Balfour, Guthrie & Co., Limited, 
San Francisco, California 


ABSTRACT 


When nicotine was first developed as an insecticide, it was used alone or combined 
with soap. The latter is still in wide use, but practically never is nicotine employed 
alone any more. In all cases the combination of nicotine and mineral oil emulsion is 
as effective as the soap combination and in most cases much more so. It is felt that 
the oil-nicotine combination will control more pests than any other simple combina- 
tion, now in use. It is the intention in this paper to give a history of this com- 
bination, together with a list of the pests it will control. 


First Use. We believe the combination was first used for thrips 
control. In 1909 Dudley Moulton had tried distillate emulsion on the 
pear thrips in the Santa Clara Valley, California, and found when he 
used it strong enough to give control he obtained quite a little burning. 
Nicotine, if used strong enough to control thrips, was too expensive. 
Nor did it seem to have the proper lasting effect. It had to be used 
too often. 

Turips Controt. Paul R. Jones (1)' and S. W. Foster conceived the 
idea of combining the two to control this pest, and the dosages were 
worked out by the former. This proved quite satisfactory, each in- 
gredient enforcing the other, the oil providing penetrating and lasting 
qualities, most of the toxicity being supplied by the nicotine. In other 


‘Numbers in parentheses refer to Literature Cited. 
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words, the distillate emulsion acted as an activator and carrier for the 
nicotine. This combination was used both on the black thrips in the bud 
stage and on the white thrips or larvae after the trees were partly in leaf. 

Up to that time Black Leaf 40 was recommended at 1 to 1000, but in 
the distillate emulsion combination Jones used it at 1 to 1600 and ob- 
tained results at 1 to 2400 and 3000. None of the entomologists in the 
United States were convinced at that time that we could use nicotine at 
these dosages, but recently results have been obtained at strengths as 
weak as 1 to 4000 and 1 to 10,000. We will have more to say about this 
later. 

The types of oil used in the combination have changed somewhat, but 
the oil-nicotine combination is still the preferred treatment for pear 
thrips on pears. On prunes, some prefer nico dust, due to the greater 
speed of application. In the liquid combination, however, the materials 
cost about half as much as the dust, and the writer (2) has demon- 
strated that he can spray twenty acres per machine day, which is nearly 
as fast as dusting. 

Although the bean thrips is harder to control than the pear thrips, 
the best results obtained to date on pears by Leslie Smith of the Univer- 
sity of California were with an oil-nicotine combination. 

Leroy Childs, (3) of the Hood River Experiment Station, Oregon, has 
found oil-nicotine to be the best control for the thrips causing pansy 
spot on apples. The dosage he used was 3% summer oil plus 1 pint 
Black Leaf 40 per 100 gallons. 

CANKER Worms. Probably the second pest the combination was 
used on was the canker worm on prunes in the Santa Clara Valley, Cali- 
fornia. In 1912 or 1913, Paul R. Jones used a combination of distillate 
emulsion, Black Leaf 40, and arsenate of lead, and found that all the 
worms were killed by contact, the lead arsenate being unnecessary. 

Apuips. About this same time the combination was used in the 
control of aphids. In the January, 1915, California Monthly Bulletin, 
Paul Jones (4) reports to the effect that the nicotine compounds gave 
the best results when in combination with soap or oil emulsions when 
used for a delayed dormant treatment on aphid eggs. These combi- 
nations are still in use, especially for the active forms on trees and 
plants while in foliage, summer oil having mostly replaced other types of 
emulsions. 

Rep Sprpers. In 1924, E. J. Newcomer (5) of the U. S. Bureau of 
Entomology, situated at Yakima, Washington, experimented on the 
control of the European Red Spider and found that oil and nicotine pro- 
duced slightly better results than the oil alone. One-half per cent 
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actual oil killed 100% of the spiders and 98% to 99% of the eggs. One 
hundred per cent of each were killed by adding Black Leaf 40 at 1 to 
1000. Had the oils been of a lighter viscosity, the difference probably 
would have been greater. 

O1ts as Activators. DeOng (6) found that free nicotine, added at 
the rate of 1 to 5,000 and 1 to 10,000 to weak solutions of oil emulsions, 
improved the control of Brown Apricot Scale by 1.6% to 12.9% over the 
oil alone. His conclusions were that nicotine improved the lighter 
types of oils more than the more viscous types, making the former as 
effective with a greater degree of safety. He decided that oils showed 
great possibilities as carriers of nicotine, the properties of each in- 
creasing the effectiveness of the other. The oil supplied the wetting, 
penetrating, and wax-dissolving properties, while the nicotine supplied 
the desired toxicity. He felt that dissolving the free nicotine in the oil 
before emulsifying it made it more effective. 

In a Maryland Bulletin, in 1929, John Hoerner (7) reports on using 
a sulfonated oxidation product of petroleum, called Penetrol, which 
material was a better activator of nicotine than soaps or casein spread- 
ers. He controlled aphids with dosages as low as Penetrol 1 to 200 and 
1 to 400 plus Black Leaf 40-1 to 4000 or Black Leaf 50-1 to 10,000. 
On leaf hoppers, Penetrol 1 to 200 plus Black Leaf 50-1 to 5,000 was 
more effective than fish oil 1 to 400 plus Black Leaf 50-1 to 1250. On 
thrips, Penetrol 1 to 200 plus Black Leaf 50-1 to 4000 was better than 
fish oil 1 to 400 plus Black Leaf 50-1 to 800. Other investigators have 
since reported favorably upon Penetrol as an activator for nicotine, 
but it has not been proved to be any more efficacious than several other 
summer oils on the market. 

Professor Ralph E. Smith, (8) in University of California Bulletin 
No. 336 suggests that the addition of some substance such as kerosene 
or lime sulphur to nicotine dust increases its effectiveness on the walnut 
aphid, although kerosene without nicotine was not effective. This is 
another case of an activator. 

CoMMERCIAL Propucts. For several years Michel and Pelton have 
produced a miscible oil containing nicotine. This has been rather 
effective on some of the berry insects, although a little caustic for much 
foliage work. 

Balfour, Guthrie & Co. started manufacturing the first summer oil 
containing nicotine commercially in 1928 and-called it Nicona. This has 
proved especially effective as a contact spray and has a world-wide use. 
During 1930, its use increased very rapidly, the greatest difficulty being 
to obtain a sufficient quantity of nicotine. 
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This is now being applied with a great deal of success to a great 
variety of deciduous or evergreen trees, shrubs or tender annuals, such 
as asters, chrysanthemums, roses, toyon berry, apples, pears, coffee, 
citrus, avocados, walnuts, etc. 

The California Spray Chemical Company is producing a garden 
Volck containing nicotine; while Destruxol is a product manufactured for 
foliage spraying containing, among other things, oil and nicotine. 

In other cases where a combination of oil and nicotine have been 
desired, nicotine sulfate has been added to summer oil, using from one- 
half to two gallons of emulsion with one-half to one pint of nicotine 
sulfate per hundred gallons of water. 

SaFrety. The oil-nicotine combinations are apparently as safe as the 
oil when used alone, with but few exceptions. Nicotine cannot be used 
on some types of ferns without injury. Barberries are somewhat more 
susceptible to injury from the combination than other shrubs of ap- 
parently the same hardiness. Apples sometimes show a minute brown 
staining from nicotine even when used alone, although it is seldom heavy 
enough to lower the grade of the fruit. Spreader will overcome prac- 
tically all of it, however. 

Occasionally injuries will materialize under high dosages or excessive 
temperatures, but these are no more than from the oil alone. 

In the 1923 Connecticut Spray Calendar, Britton (9) and Clinton 
advise that nicotine or Bordeaux, etc., should not be combined with 
miscible or other oils. This was before summer oils had come into use, 
and they probably referred to the winter oils in combination with these 
materials for foliage spraying. 

ScaLe Controv. Herrick (10) reported good control of young pine 
leaf scale in early July of 1927 and 1928 with the use of one per cent 
summer oil and Black Leaf one pint to one hundred gallons. He gave no 
comparison of results without nicotine, however. 

Meaty Bucs. The combination seems even more effective on scale 
and other insects that have a waxy coating, such as mealy bugs, woolly 
aphids, psyllids, etc. In a comparison on a commercial scale in 1930 for 
the control of the mealy bug on Winter Nelis pears in the Santa Clara 
Valley, California, Nicona, when used at one and one-half gallons per 
hundred gave far better results than three per cent medium weight 
summer oil without nicotine. Many favorable reports have been re- 
ceived of the material in controlling mealy bugs as well as many other 
insects. Recently word has been received from Dr. Le Pelley from far 
away Nairobi that Nicona was one of the best materials tested for the 
control of the coffee mealy bug. 
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Copiinc Motu. Nicotine for codling moth control was first tried by 
DeSellem (11) in 1915 and 1916. Several members (12) of the U. S. 
Bureau of Entomology then tried it in Michigan, Colorado, and New 
Mexico during 1917. It was used either alone or in combination with 
lead arsenate or soap, and the results from the codling moth stand- 
point were somewhat erratic. Inasmuch as the lead arsenate residue was 
not then a problem, the matter was dropped. 

In 1927 the writer, (13) after conferring with Messrs. E. T. Doyle and 
E. R. deOng, did some field and laboratory work in which he combined 
nicotine and summer oil for codling moth control. In the field, the 
combination gave as good results as arsenate of lead even where one 
critical spray was omitted. In laboratory tests, the writer was able to 
kill all codling moth eggs sprayed with a combination of 4% summer 
oil plus actual nicotine 1 to 10,000. Without the nicotine, it was neces- 
sary to use 14% summer oil to obtain the same results. 

We believe this was the first time the combination was used inten- 
tionally for codling moth control, although a year or two previous to 
this a grower in Medford, Oregon, had noticed his control of codling 
moth was best where he had used distillate emulsion and nicotine for 
aphids. 

In the same year DeSellem (13) did more work with nicotine, this 
time in combination with summer oil, and obtained results better than 
with arsenate of lead. 

During 1928, the writer (13) cooperated with Dr. M. D. Leonard, 
then with the Tobacco By-Products and Chemical Corporation, with 
F. E. DeSellem and others, on a number of orchard demonstrations and 
experiments with this combination, obtaining results more satisfactory 
than lead arsenate or lead arsenate and summer oil combined. More- 
over, due to the very satisfactory control of woolly aphis, San José 
Scale, red spiders, leaf hoppers, thrips, etc., a higher grade of fruit was 
packed out, having a better size, color, freedom from blemishes, etc. 
The difference in grade netted the growers more than enough to pay 
for the extra cost of the combination spray. 

During the last three years, (14) (15) this oil-nicotine combination 
has been experimented with to a large extent, one of the leaders in this 
work being Professor Anthony Spuler (16) (17) of the Washington 
State College, working at Wenatchee, Washington. 

The control of codling moth, where a serious problem, has resolved 
into a rather complex program. Mr. Spuler’s (18) recommendation in a 
seven-application program now is to use fish oil with lead in two early 


applications, one per cent summer oil with lead for the peak of the first 








996 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 24 
brood, the last two applications or second brood spraying being one per 
cent summer oil plus nicotine 1 to 1600 without any lead. This figured 
out the cheapest program considering the saving of fruit from worms, 
besides controlling other pests such as aphids, scale, and red spiders. 
Practically all the state, federal, and commercial entomologists of the 
Northwest are agreed on such a program or a similar one. 

From Dr. Pettey (19) (20) of South Africa comes a recent recom- 
mendation very similar to Mr. Spuler’s. Ina five-spray program, and to 
avoid washing the fruit, use: 

2 calyx applications of lead arsenate 

1 application of lead, oil, and spreader 

2 applications of oil, nicotine, and spreader 
In a seven-spray program: 

4 applications of lead arsenate and spreader 

3 applications of lead arsenate, oil, nicotine, and spreader 

He also suggests leaving out lead in the last two applications in order 
to make residue less difficult to remove, using only oil and nicotine 
not only to control codling moths but to take care of red spiders, woolly 
aphis and mealy bugs. Those pests sound pretty much like our own 
problems, and his recommendations coincide very closely with those of 
officials in the Northwest. 

The following is a list of the insects which can be controlled by a 
combination of oil and nicotine. It includes most of our serious pests 
and, when time permits, further investigation will undoubtedly add 


more to it: 
Aphids (21) Red spiders 
Mealy bugs Rust mites 
Thrips Blister mites 
White flies Saw fly larvae 
Psvllids Midges 
Lace bugs Fleas 
Scale insects Chicken lice 
Leaf hoppers Leaf roller eggs and larvae 
Tree hoppers Canker worms 
Red bugs Caterpillars 


Cabbage bugs Bud moths 
Plant bugs Twig borer larvae 


Spittle bugs Cranberry fireworm 
Case Bearers (22) 
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A FOUR-YEAR STUDY OF CODLING MOTH BAITS IN 
NEW MEXICO 


By J. R. Ever, State College, New Mexico 


ABSTRACT 

Tests of various syrup baits and aromatic esters with réspect to their attractive- 
ness to Codling moth (Carpocapsa pomonella) are reported for the period of 1928-31, 
inclusive. As previously reported, Brer Rabbit syrup diluted with water at the rate 
of 1 to 10 proved to be the most attractive of all baits tested in New Mexico. The 
addition of .2 per cent sodium benzoate increases its attractiveness through retarding 
and lengthening fermentation. This is not as noticeable during the spring months 
as in summer when temperatures are higher. Malt syrup when used without yeast 
is moderately attractive. Of thirty-five esters tested, Ethyl oxyhydrate, Iso butyl 
pheny! acetate and Diphenyl oxide were the most attractive. They did not, however, 
exceed Brer Rabbit syrup bait in attractiveness, nor did they add materially to the 
attractiveness of this bait when placed in it, directly or in Peterson Evaporation cups. 
Commercially prepared extracts of the aroma of apple blossoms and apple fruit, or 
apple fruit flavors, were not attractive to the Codling moth. Esters of malic acid 
were only slightly attractive and esters of valerianic acid were not at all so. 


During the past three years investigations have been in progress at 
the New Mexico Agricultural Experiment Station to determine the 
value of attrahent baits in the Codling moth control program, both 
from the standpoint of an actual supplementary control measure arid 


as an indicator to assist in the forecasting of spraying dates. Thus 
far these investigations have been chiefly concerned with finding a 
bait which would attract the moths of all of the seasonal generations, 
particularly during hot weather, and a type of bait pan which would 
hang stationary through high winds and in which the bait would under- 
go a minimum evaporation. 

In 1998 ordinary two-quart enameled pans were used; in 1929 these 
were surrounded by an outer pan of water to give additional catching 
surface; and in 1930 a modification of the type suggested by Yetter 
was introduced. This consisted of a conical, galvanized-iron bait 
pail about six inches in diameter at the top, eighteen inches deep and 
holding two quarts of bait. These pails were arranged in sets of four 
to a tree to admit the comparing of four types of baits in each tree. 

In 1928 and 1929 sixteen types of sugar, syrup and fruit juice baits 
were tested and it was found that cane syrup (Brer Rabbit Brand) or 
malt syrup (Diamalt) surpassed all of the others tested in attractiveness. 
The tests of 1929 and 1930 gave the additional information that under 
New Mexico conditions slowly fermenting baits were more attractive 
than rapidly changing ones and that the addition of a preservative 
(particularly Benzoate of Soda) was preferable to yeast because it 
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prolonged the period of attractiveness so that a more uniform catch 
could be obtained throughout the duration of the flight period of the 
moths of each generation. Further study of the chemical changes of 
molasses baits indicated that their attractiveness to Codling moth was 


TABLE 1. COMPARATIVE ATTRACTIVENESS OF CANE AND MALT Syrup Baits TO 
SprinG Morus 1929-31 
Cane Syrup Malt Svrup 
Average Average 
Total Average per pan Total Average per pan 
catch per pan per day catch per pan per day 
52 27.5 2.1 — — —- 
12 4 28 i8 6 42 
152 152 10.79 45 45 3.21 
93 46 1.53 63 32 1.05 


directly correlated with their glucose content and the formation of 
alcohol and gas. In this same connection it was found that under the 
prevailing high summer temperatures of New Mexico the establishment 
of a high yeast population and the formation of acetic acid during later 
fermentation were factors of minor importance. In these comparative 
tests malt syrup bait showed a lower degree of attractiveness and on 
chemical analysis evidenced a lower glucose content, slightly smaller 
production of alcohol and smaller and more rapid evolution of gas. 

Table No. 1 shows the comparative attractiveness of cane syrup 
and malt syrup baits to the spring generation moths for the three 


TaBLeE 2. 1930 CoMPARISON OF AROMATIC CHEMICALS 
Average 

catch 
Dates Total perday Comparative 

Material operated catch per pan rating 

Cane syrup check Aug. 15-Oct. 4 110 2.15 
Iso-butyl phenyl acetate July 16—Sept. 2 68 1.38 
Ethyl oxyhydrate Aug. 3-Sept. 2 31 1.00 
Geranyl formate Aug. 3-Sept. 2 32 1.08 
Dipheny!] oxide July 16—-Sept. 2 42 85 
Citronellal July 16—Sept. 2 29 59 
Bromo Styrol July 16—Sept. 2 26 3 
Methyl cinnamate July 16—Aug. 16 13 30 


ANDO eh 


seasons of 1929 to '31. In the 1930 and 1931 tests the cane syrup bait 
was decidedly more attractive. In 1929 the catch by both baits was 
small due to the fact that April temperatures were decidedly below 
normal and the apple crop of the preceding season had been greatly 
reduced by frost. 

Figure 64 shows a more detailed comparison of the two baits as 
conducted in the experiments of the present season. Samples of both 
baits containing sodium benzoate are also included. The increase in 
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attractiveness of the cane syrup bait when sodium benzoate is added 
is marked but not so great as was observed in 1930 in tests conducted 
during flight periods of the later generations in hot weather. In fact, 
during late June and July, when mean daily temperatures averaged 
above 75°F. this was the only bait combination that showed any at- 
tractiveness whatsoever. 


Fic. 64. 


Since the addition of commercially prepared aromatic chemicals, 
or esters, to sweetened baits had shown indication of promise in 1929, 
thirty-five materials of this type have been tested during the past two 
years. In 1930 the esters were placed in Peterson evaporation cups 
suspended in water in the conical bait pails and compared with catches 
obtained -with cane syrup baits in the same and neighboring trees. 
These results are shown in Table 2. In 1931 those that showed the 
greatest attractiveness in 1930 were again tested, this time in actual 
combination with the cane syrup bait and also suspended in evaporation 
cups in the syrup solution to prevent interaction. The results of these 
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comparisons are given in Table 3. None of these aromatic chemicals ex- 
ceeded cane syrup in attractiveness nor did they add particularly to its 
attractiveness when placed directly in it or when suspended in it in 
evaporation cups. As in 1930, the esters giving most consistent and 
highest catches were Ethy] oxyhydrate, Iso butyl phenyl acetate and Di- 
pheny! oxide, and all seemed somewhat more attractive in evaporation 
cups than when mixed directly with the syrup bait. Bromo styrol 
and Methyl cinnamate, on the other hand, seem to be increased in at- 
tractiveness when mixed with the bait. 


TABLE 3. 1931 CoMPARISON OF AROMATIC CHEMICALS 
Series I (April 6-17) 
Alone In Cup 
Average Com- Average Com- 
Total perpan parative Total perpan parative 
Material catch per day rating catch per day rating 

Cane syrup check*........ 2.82 
Ethyl oxyhydrate........ 1.00 
Iso butyl pheny! acetate. . . 64 
Dipheny] oxide ne 1.00 
Bromo-styrol...... to. 1.18 
Methyl cinnamate....... : 1.18 
a aii nin a +502 36 
Gerany] formate. . : 20 

Series II (April 17—May 18) 
Cane syrup check*....... 70 2.33 1 
Iso butyl phenyl acetate... < 10 
Ethyl oxyhydrate AO 
Diphenyl oxide..........  ¢ 10 
Bromo-styrol Jes im : 43 
Methyl cinnamate........ é 10 
Citronellal . 13 
Gerany] formate 07 

*Average of two pans to each series. 
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Since the aromas of some of the more attractive esters mentioned 
slightly resemble the odors of apple blossoms and fruit, commercially 
prepared extracts of the aroma of apple blossoms and of the aroma 
and flavor of the fruit were tested in the spring of 1931. None of these 
proved attractive to the Codling moth. At the same time esters of 
valerianic and malic acid were tested. Those of malic acid were found 
to be only slightly attractive, and those of valerianic acid not at all so. 
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VACUUM FUMIGATION OF PINEAPPLE PLANTING MATERIAL' 
By Harotp R. HaGan, University of Hawati 


ABSTRACT 


Preliminary tests to determine the resistance of planting material and its parasites 
to various dosages of gases applied in a vacuum fumigator. Planting material proved 
to be quite intolerant to carbon bisulphide, considerably more resistant to chlorpicrin 
and withstood, without injury, heavy charges of hydrocyanic acid gas. The last also 
gave satisfactory control of the parasites within the tolerance limits of the host. 


Pineapple planting material seems invariably to be infested with 
arthropods representing relatively few species, but some of them, 
at least, are of decided economic importance. Among those of chief 
concern at present, and included here, are the pineapple mealy bug 
(Pseudococcus brevipes Ckll.), and a thrips (Thrips tabaci Lind.). Ad- 
ditional species present in these tests were the pineapple scale (Diaspis 
bromeliae Kerner), the red mite (Stigmaeus floridanus Banks) and the 
pineapple mite (7arsonemus ananas Tyron). 

Rather intensive efforts are in progress by Dr. Walter Carter to 
determine whether a relationship exists between the attack of P. brevipes 
and the appearance of a destructive pineapple wilt. Sometimes, also, 
heavy infestations of S. floridanus causes the death of pineapple ma- 
terial recently set out in the field, and Linford (4), through an excellent 
series of carefully conducted experiments, has shown that T. tabacz is the 
vector of a virus causing the early death of affected plants. Further, 
hybridization work in the islands warrants the continued importation of 
varieties of pineapple from other pineapple sections of the world. Some 
of them, at least, have parasites capable of doing enormous damage to 
this host plant. Effective fumigation methods, once developed, would 
give additional assurance of their continued exclusion. 

Thus it will be recognized that some effective means of controlling 
these species on planting material is imperative. Especially so since 
most of the species mentioned aré spread into new fields quite ex- 
tensively by migration into the planting material before the latter is 
collected and planted. 

Planting material consists of slips and suckers from mature plants 
and crowns from the fruit. Suckers are removed when the plant has 
obtained approximately 17 months growth in the field. About a month 
later the fruit ripens and is picked. It is piled at the end of pineapple 
field rows and the crowns removed. After the fruit is harvested the 


‘Contribution from the Experiment Station of the Association of Hawaiian Pine- 
apple Canners, Dr. Royal N. Chapman, Director. 
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slips are taken from the plants. These three sorts of planting material, 
(crowns, slips and suckers) thus are obtained when the parent plant is 
about 18 months of age. The plant, with usually two suckers, is left in 
the field where a ratoon crop is due on its suckers in the following 
year. The pineapple cycle continues about 30 months to the harvesting 
of the first ratoon crop. Few fields give a second ratoon. Fresh planting 
material is brought to the nearest curing ground where the basal leaves 
are stripped off in order that roots may start more satisfactorily. It is 
then stacked on the ground, butts up, to cure, as the sun-dried butts 
are not so susceptible to rot when planted. Fallow fields usually are 
planted in the fall and early winter. The butts of the cured planting 
material are placed in the soil about three inches. The age of the plants 
in the field dates from time of planting. Planting material is spaced 
from 12 to 18 inches in the line and the lines themselves are 18 inches 
apart. At intervals of two to five lines a space or aisle is left so that 
laborers may walk the length of the field, add fertilizer, spray, gather 
fruit and collect planting material. 

The employment of vacuum fumigation methods seemed to offer the 
greatest opportunity for successful control of parasites in infested pine- 
apple material. The leaf bases are so tightly pressed against the younger 
leaves that it is impossible to obtain satisfactory penetration of gases 
under atmospheric conditions. According to Woglum (11) “Vacuum 
fumigation at once supplied a method of destroying insects in products 
which no other system of fumigation is able to reach successfully. It 
has been found to be the system of fumigation under which insect 
eradication is most certain.”” The writer (2) already has experienced its 
utility in the control of fig insects. The vacuum fumigation method 
first was used by Sasscer and Hawkins in 1913-1914, according to 
Woglum (11). Since then it has been used extensively to insure insect 
control in certain difficult fumigations, Wardle and Buckle (8), pg. 196. 
Also its employment with carbon bisulphide gas has been widely ex- 
tended through studies by Mackie (5) in California, whose numerous 
reports appear in bulletins of the State Department of Agriculture. 
Peculiarly, Sasscer and Hawkins (6) included pineapple fruits among the 
products fumigated in their early experimental tests. They report a 
successful control of mealy bugs but the strength of the charge is not 
given. Further search of the literature has failed to disclose any at- 
tempt to use vacuum fumigation methods on pineapple planting ma- 
terial. Kinman (3) it is true, has mentioned very generally, his atmos- 
pheric fumigation of material in Porto Rico, but here, too, details are 
lacking. 
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The term “uninfested planting material’’ does not mean that the 
crowns, slips and suckers were wholly free from pests, but that they 
were of the usual field run type and to be distinguished from the very 
heavily infested material that was examined for the insects and mites 
upon it. All laboratory examinations of the infested planting material 
was done by the aid of a low-power binocular microscope. Each leaf was 
stripped from the plant and examined separately. Three plants were 
used for examination 24 hours after fumigation and five or more were ex- 
amined after an interval of several days. This is a very necessary pre- 
caution for subsequent recovery of many insects is common. Smith (7) 
records his experiences in this regard while working with winter fumi- 
gations of the European corn borer, he says: “‘In the course of these 
experiments a surprising condition was discovered. Borers were fre- 
quently counted dead for from two to fourteen days after fumigation 
and then recovered.” 

Temperature control would have been desirable in some of the tests 
for the thermometer registered close to 90°F. during the fumigations. 
This is above the desired temperatures suggested by Woglum (9). 
However, it is about the maximum reached in the pineapple section and 
represents the condition under which fumigation must proceed if used 
commercially in the Islands. Woglum also suggests that the fumigated 
stock be aired under shade. This was done in these tests, the planting 
material being held under an open shed for about 18 hours. 

Errect oF VACUUM ON PLANTING MATERIAL. Several tests were 
made to discover the effect of a vacuum alone on planting material. 
It is sufficient to say—without reporting the test conditions—that 
vacuums regularly used in ordinary fumigations and vacuums con- 
tinued for periods of 15, 30, 45 and 60 minutes, did not, apparently, 
injure the crowns, slips and suckers used. Both fresh and cured material 
was subjected to treatment. After removal from the tank it was ex- 
amined for injury, curing was completed where necessary, and all 
was planted in the field for continued observation. 

CaRBON BIsuLPHIDE Fumications. Plants generally are very in- 
tolerant to carbon bisulphide gas but it was hoped that well-cured pine- 
apple planting material might be sufficiently dormant to resist for a 
short time dosages that would be toxic to the insects and mites upon it. 
In all of these tests we used 35 infested crowns each time. In addition, 
normal planting material was added as follows; 15 slips and 10 suckers, 
not trimmed or cured; 15 suckers, 15 slips and 30 crowns, all trimmed 
and cured. 





October, '31] HAGAN: VACUUM FUMIGATION OF PINEAPPLE PLANTING MATERIAL 1005 


Before referring to the fumigation cycles, however, it might be profit- 
able to describe briefly the routine followed in these fumigations. When 
the material to be fumigated has been placed in the vacuum tank 
and the door closed, a pump removes the air from the latter until a 
mercury column or spring gauge records a vacuum of about 28 inches 
(or an atmospheric pressure of 2 inches). The lethal gas is introduced, 
either pure or mixed with air, or other gases. This lowers the vacuum 
but air is allowed to continue entering after all of the gas has been 
introduced, until normal atmospheric pressure is restored. This oper- 
ation serves to force the air and lethal gas mixture into all crevices with- 
in the fumigated material. Fumigation then proceeds for the requisite 
time, after which, the pump is started and a vacuum of 15 to 28 inches 
is obtained. Lower vacuums permit the retention of some gas within the 
fumigated material, higher ones tend to remove more of it. The dis- 
charged gas passes out of a pipe extending above the roof of the fumi- 
gation building. After the second vacuum is attained, air is admitted 
and when atmospheric pressure again is restored the door of the tank is 
opened. The pump may continue running to cause a circulation of air 
within the tank for a few minutes longer, or for the gases of less toxicity 
to man, it is safe to remove the fumigated material at once. The use of 
the tank thus is required for about one-half hour longer than the actual 
fumigation period, to allow for the vacuums, gas admission, etc. This 
does not take into account the time consumed in loading the tank or re- 
moving its contents later. This outline varies slightly from some earlier 
procedures as related by Call (1), Wardle and Buckle (8). The cycles 
are outlined below. Each varies a little in the method of utilizing the 
gas. All dosages are recorded per 100 cubic feet of space. 


Cycle 1. Vacuum, 28 inches; CO, to vacuum, 18 inches, then CO,, plus CS, to 
atmopsheric pressure; fumigation period, 1} hours; vacuum, 28 inches; air. Dosage, 
2.7 pounds CS,. 

Cycle 2. Vacuum, 28 inches; CS, plus CO, plus air to atmospheric pressure; fumi- 
gation period, 1 hour; vacuum, 15 inches; air. Dosage, 3 pounds CS,. 

Cycle 3. Vacuum, 28 inches; CS, plus CO, plus air to atmospheric pressure; fumi- 
gation period, | hour; vacuum, 25 inches; air. Dosage, 3 pounds CS,. 

Cycle 4. Vacuum, 28 inches; CO, to vacuum, 15 inches, then CO, plus CS, to 
atmospheric pressure; fumigation period, 1} hours; vacuum, 28 inches; air. Dosage, 
3 pounds CS,. 

Cycle 5. Vacuum, 28 inches; CS, plus CO, plus air to atmospheric pressure; 
fumigation period, 1 hour; vacuum, 28 inches; air. Dosage 34 pounds CS,. 


The gas, in the heavier concentrations, proved to be absolutely 
toxic to all insects and to the red mite. Only four white mites were 
found alive. This is remarkably efficient, for each infested plant had 
more than 1,000 living red mites on it before fumigation and more than 
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200 white mites. Unfortunately, however, all of the dosages proved to 
be quite severe in their effects on the planting material. These data 
are available, but they are not tabulated, as further tests with this 
gas are considered unnecessary. In all cases burning was noticeable and 
in most instances from one-third to two-thirds of each leaf was destroyed. 
Few of the plants in the lighter fumigations were killed outright, but 
subsequent planting tests showed that they were greatly retarded in 
growth. In addition to the burning effects the plants were subjected 
to frequent showers while completing their curing. This fact, with a 
very heavy attack of bacteria, which covered the plants, resulted in 
a high mortality. Among those planted the mortality rate and the set- 
back in growth forbade the use of carbon bisulphide in the dosages 
employed in these tests and further experimentation with it was aban- 
doned. 

CHLORPICRIN FumicaTions. This gas is quite toxic to insects, 
mites and planting material too, but it was hoped that a dosage and 
time could be found that would eliminate the parasites without damage 
to the plant. Atmospheric fumigation has given fairly satisfactory 
control in a few tests that were made, but never was quite sufficient to 
warrant its use in the attempt to obtain complete kill of parasites. 
Further, large numbers of eggs seem to be unaffected by ordinary 
dosages of the gas for they subsequently hatch. The percentage of 
insects that recover a few days after fumigation also has been surprising- 
ly high. On the other hand, the planting material tolerated ordinary 
dosages with little burning. 

It was expected that vacuum fumigation, being far more penetrating 
and efficient than atmospheric fumigation, might overcome these 
objectionable features. Each treatment contained trimmed and cured 
suckers, freshly collected crowns, all uninfested, and highly infested and 
partly cured slips. One cycle included crates of uninfested, cured slips, 
packed ready for shipment, in order to find if such material would keep 
as well as the loose planting material that was used for immediate 
examination or planting. This is an important point for large ship- 
ments of material are made to other islands and to the Philippines. 
The fumigation cycles with comments follow. Dosages are given in 
fluid ounces per 1,000 cubic feet of space. 


Cycle 1. Vacuum, 28 inches; chlorpicrin plus air to vacuum, 25 inches, then CO, 
— air to atmospheric pressure; fumigation period, 1 hour; vacuum, 28 inches; air. 
sage, 18 ounces chlorpicrin and about.100 cubic feet of CO,. 


Cycle 2. Vacuum, 28 inches; chlorpicrin plus air to vacuum, 24 inches, then CO, 
lus air to atmospheric pressure; fumigation period, 1 hour; vacuum, 28 inches; air. 
sage, 36.3 ounces chlorpicrin and about 100 cubic feet of CO,. 
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The remaining cycles were duplicates of the first except in the dosages 
used and the fact that no carbon dioxide was employed. They are 
tabulated below for brevity. 


Fumigation 
Vacuum  Chlorpicrin period, Final vacuum 
inches ounces hours inches 


4.5 

9 
18 
36 
36 
53.5 

Thrips eggs were unaffected by the gas at dosages of 36 ounces per 
1,000 cubic feet, as newly hatched thrips subsequently were discovered 
very shortly after their emergence. None were found in the material 
treated with the highest dosage, but there is no evidence that they were 
killed for they are never numerous and none may have been present. 
This dosage killed the red mites also, but not their eggs. No hatching 
was observed at the first examination of this material, seven days after 
fumigation. Retention of the material for 30 days, however, revealed 
the true condition for many eggs hatched during the following weeks. 
This again shows how unreliable are data obtained too quickly after 
treatment, entirely erroneous conclusions being indicated in the first 
examination. For all practicable purposes this control of mites would 
enable the planting material to make normal growth. 

Cycle 8 registered a perfect kill of mealy bugs, but there were occa- 
sional survivors in cycle 7, proving that this dosage did not kill all of 
them. Perfect killing is difficult to obtain and 95 to 99 per cent control 
is, in general, considered to be quite satisfactory, but it must be re- 
called that a single mature female, if she survives the fumigation, may 
start a new colony when the host plant grows. This is especially sig- 
nificant if it can be demonstrated that mealy bugs transmit wilt to pine- 
apples for the pineapple cycle normally lasts about 18 months before 
planting material is removed. That length of time might enable a small 
initial infestation to become heavy and wide-spread in a field. 

The planting material showed burning in almost every one of the 
slips, suckers and crowns. While it was never so severe as in the case of 
carbon bisulphide, it was pronounced in the higher dosages. Most 
of the burning, however, was confined to the areas surrounding broken 
or dried portions of the leaves. The youngest leaves escaped the burn- 
ing that was so noticeable in the oldest ones. It was found, also, that 
burning was most evident when the fumigated material was left in a 
confined space for a few hours, that which was aired promptly suffering 
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less damage. The following comments summarize my observations in 
this respect. 
TABLE 1. OBSERVATIONS ON BURNING OF FUMIGATED MATERIAL 


Cycle3, 4.502. dosage, material aired 24 hours after fumigation, burning noticeable. 
Cycle4, 9 oz. dosage, material aired same day as fumigated, slight burning. 

Cycle 5,18 oz. dosage, material aired 24 hours after fumigation, burning noticeable. 
Cycle7,36 oz. dosage, material aired 24 hours after fumigation, burning noticeable. 
Cycle 8, 53.5 oz. dosage, material aired same day as fumigated, slight burning. 


About four months after planting out the fumigated material it was 
checked for mortality. Comments may be summarized in tabular 
form: 


TABLE 2. CONDITION OF FUMIGATED UNINFESTED PLANTING MATERIAL Four 
Montus AFTER PLANTING 


Crowns Stickers 
Nor- Re- Re- Nor- Re- Re- 
mal tarded Dead moved mal tarded Dead moved 
l ie a 


Cycle 2 s<ar i 1 1 
Cycle3.. 

Cycle 4. 

Cycle5..... 

Cycle6.... 

Cycle7 

Cycle 


to bo to WW bo 


Those marked “removed” have an unknown history. Evidently they 
were taken out for purposes of examination, for no trace of them could 
be found. These figures are too small to be significant, but they do show 
that the after-effects of chlorpicrin might profitably be the subject of 
careful scrutiny should this gas be employed in the fumigation of plant- 
ing material. 

Cycle 2 included the fumigation of two crates of uninfested, cured, 
untrimmed slips. One additional crate was held as a check. One of the 
fumigated crates was opened 24 hours after fumigation, when the slips 
were found to show the same type and degree of burning as indicated for 
cycle 7 in Table 1. 

The second fumigated crate and the check crate were opened five 
weeks after fumigation. Spoilage in the two crates is tabulated for 
comparison: 

TABLE 3. COMPARISON OF SPOILAGE IN CRATES OF PLANTING MATERIAL HELD FOR 
Stix WEEKS 


Crowns Slips Totals 
Fumigated Check Fumigated Check Fumigated Check 
38 143 7 120 45 263 
10 2 143 2 153 4 


48 145 150 122 198 267 
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From this it appears conclusive that very severe injury results from the 
storage of fumigated planting material.- This largely is due to rotting, 
which foilows fumigation burns. It can be minimized in its effects only 
by prompt aeration of the fumigated material. 

Hyprocyanic Acip Gas Fumications. In these tests the gas was 
generated by the pot method. In some, the gas was generated within 
the vacuum tank, while in others it was liberated in a small auxiliary 
tank and passed over into the vacuum fumigator with a slight ad- 
mixture of air. So far my data have shown no differences resulting 
from these two methods of using the gas, so notations regarding them 
will be omitted. In the first 5 cycles we treated each time a small crate 
of planting material containing cured uninfested slips and crowns, as 
well as a few slips infested with mealy bugs and mites. In the remaining 
cycles paper bags were used containing uninfested slips, uninfested 
crowns and infested slips. The essential information regarding dosages 
and time is tabulated below. The dosage indicated is in ounces of 
sodium cyanide (NaCN =49.01%) per 1,000 cubic feet of space. 


TABLE 4. VACUUM FUMIGATION CYCLES wiTH HypRocyANIc Acip Gas 
First Fumigation Final vacuum 
vacuum NaCN co, period inches 
inches ounces cu. ft. hours 
28 
28 
28 
28 
28 
28 
28 
On 


1] 
12 
13 
14 
15 
16 ; 

17 28 44.6 
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l 
l 
1 
1 
1 
1} 
1 
1} 
l 
1} 
1 
1} 
2 
1} 
1 
l 
1 


The fumigated uninfested planting material was planted within 
the next two or three days in sterile soil tanks to observe the degree 
of injury, if any, due to the fumigation dosages. The infested material 
was retained for examination later. 

Four weeks after fumigation the infested plants were examined for 
surviving mealy bugs and mites with these results: 


Cycle 1. Neither mites nor mealy bugs dead. 
Cycle 2. Mites alive. One mealy bug alive. 
Cycle 3. Mites alive. One mealy bug alive. 
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Cycle 4. Mites alive. Mealy bugs alive. No living scales. 

Cycle 5. Mites alive. Scale insects and mealy bugs dead. 

Cycle 6. Some mites are killed. Found no living mealy bugs. 

Cycle 7. Mealy bugs dead. Mites on inner leaves alive, but others are killed. 

Cycle 8. Mealy bugs dead. Apparently about 70 per cent kill of mites. 

Cycle 9. About 15 per cent of the mites were alive. 

Cycle 10. Found 15 cent of the mites alive. 

Cycle 11. Found no living mealy bugs or mites in the 5 pieces of planting material 
examined. 

Cycle 12. A few of the mites are alive. 

Cycle 13. Found 30 live red mites and 55 living eggs. 

Cycle 14. Found many living mites at the bases of the tightly compressed leaf bases. 
The dead mites averaged 2,000 per plant. 

Cycle 15. Four living red mites in one colony and one in a second colony. In both 

cases there were present 100 or more dead mites in the colony. 


The above observations suggest that the critical dosage for mealy 
bugs is less than 10 or 12 ounces of sodium cyanide per 1,000 cubic 
feet of space. This is within the range of practical control of these 
parasites without material damage to the planting material. 

A second interesting fact was the failure to kill all of the mites with 
the higher dosage values. This is especially striking in cycle 15, where 
there were 5 survivors in two colonies containing about 200 individuals. 
These were young colonies situated near the bases of the leaves. In the 
remaining colonies, containing over 1,500 individuals, none were alive. 
This suggests that either there was poor diffusion of the gas into these 
places or that mites may show considerable individual variation in 
tolerance. Above the lethal dosage for all of the insects we find the 
planting material more or less tolerant to increased dosages. This 
indicates that it may be used safely and effectively to kill the insects on 
infested pineapple planting material. The following observations on the 
fumigated, uninfested slips and crowns show the possibilities in this 
respect. These data, however, must not be regarded as final and more 
work on the subject is desirable. It is thought, too, that closer at- 
tention to climatic factors will enable the plant to endure safely even 
higher dosages of the gas. The first examination was made a few days 
after fumigation and the second was made about three months after the 
material was planted. 

Observations made shortly after fumigation: 


Cycles 1-7. The oldest dried leaves are bleached. Green leaves uninjured. 


Cycle 8. Extreme tips of broken leaves were bleached, confined to oldest leaves. 

Cycles 9-11. Extreme tips of broken leaves were bleached. 

Cycle 12. Burned spots on oldest green leaves, but none killed. 

Cycle 13. Burning clearly evident, sometimes severe. 

Cycle 14. Burning clearly evident and occasionally severe. Some plants probably 
killed. 


Cycles 15-17. Burning quite severe. 
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Observations made after three months’ growth: 

Cycles 1-7. No burning evident. 

Cycle 8. Three slips, 4 crowns normal, no burning. 

Cycle 9. Three slips normal, 4 crowns each showing 2 or 3 small burn spots on 
outer leaves. 

Cycle 12. Six slips normal, 4 crowns, very slight burning on outer leaves. 

Cycle li Five slips and 13 crowns, no burning. 

Cycle ’ Nine slips show slight burning; 9 crowns, outer leaves severely burned. 

Cycle 15. Three slips, 6 crowns, tips of older leaves show slight burning. 

Cycle 16. Three slips outer leaves show slight burning; 7 crowns, tips of leaves 
burned. 

Cycle 17. Three slips, 5 crowns, outer leaves burned slightly. 

The apparent slight discrepancy between these later observations 
and the early examination results from the fact that the first took into 
account the oldest leaves, which always normally die out as the plant 
grows and are found to be partially or entirely decayed in the older, 
growing plant. In the second examination the green leaves of the fumi- 
gated material have now become the outer leaves, and their distal 
portions usually turn brown and dry under field conditions. 

The visible burned areas on the leaves of the fumigated material 
below cycle 13 were confined to portions of the leaves that had suffered 
damage in handling so that the epidermal tissue was broken, exposing 
the cells beneath to direct contact with the gas. Woglum (10) re- 
cords the injury to citrus where fruit is scratched immediately prior to 
fumigation with this gas. Referring to the foliage, he writes: ““A heavy 
defoliation of red-spider infested trees was of common occurrence from 
fumigation during the season of 1930." (pg. 40). 

From the above it would appear that it is entirely feasible to fumigate 
planting material that is to be aired and planted shortly afterwards. 
No observations have been made as to the possibility of storing the 
material or allowing it to remain in crates, as was done with the chlor- 
picrin tests. 

These tests were purely experimental in nature to determine their 
effect on pineapple planting material. They are preliminary to further 
work leading to the control of pests in such material. It is important, 
especially, to determine the effects of the various factors of climate on 
fumigated planting material; the effect of trimming before or after fumi- 
gation, and the differential in resistance to the gas used on planting 
material in the fresh condition and when well cured. This study was 
planned, and properly follows, the exploratory tests here recorded. 
However, this line of investigation may be discontinued for the present 
and it seems to be desirable to record the progress made to date. Hydro- 
cyanic acid gas appears to answer the purpose of controlling pests in the 
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fumigation of pineapple planting material. With its use, new plantings 
in properly fallowed fields should continue to be free from mealy bug, 
scale, and perhaps mite infestation unless contaminated from other 
sources. 

It would have been impossible to conduct the fumigation tests with- 
out the very cordial cooperation of Mr. D. T. Fullaway and Mr. L. A. 
Whitney, of the Territorial Board of Agriculture and Forestry, who 
placed the vacuum fumigator at our disposal whenever it was required. 
The fumigator contained 56 cubic feet of space. The dosage values 
cited throughout this paper, are given at the standard rate for the con- 
venience of the reader. Attention might also be called to the fact 
that the material fumigated each time actually occupied relatively 
little space in the vacuum tank. 
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INDUSTRY MEETING QUARANTINE: THE BEAN THRIPS 
By R. S. Woctum, Entomologist, California Fruit Growers Exchange 


ABSTRACT 


The bean thrips (Heliothrips fasciatus Perg.) breeds freely on a common weed, 
(Lactuca sp.) in California. When the weeds die the insect migrates to other plants, 
a common habit in autumn being congregating on citrus trees in which they remain 
inactive throughout the winter similar to certain adult coccinellidae. Experiments on 
packed fruit with hydrocyanic acid showed that eradication was possible in a gas 
tight enclosure with a dosage of 34 ounce of sodium cyanide to the hundred cubic 
feet for 35 minutes. This method has since been widely used commercially. Data is 
presented showing that such factors as temperature of the washing solution, interval 
between packing and fumigation, presence of an artificial wax covering, etc., influence 
fruit damage. The greater susceptibility of oranges over lemons to pitting is indicated 
as due in large part to morphological differences of the two fruits. 


Bean thrips (Heliothrips fasciatus Perg.) was described in 1895 from 
specimens collected on an orange tree in Yuba County, California. 
Most subsequent records have listed this species as a citrus pest, some 
writers emphasizing it as a real serious pest of the fruit. The writer has 
been familiar with insect conditions throughout the citrus areas of 
California by continued field observations for almost a quarter century— 
has known the bean thrips since 1908—yet he must confess he has 
never up to the present time observed this insect as an economic pest of 
citrus fruits. Nor have the field forces associated with him and covering 
all districts made a single such observation. In certain areas of the in- 
terior valleys given over largely to Navel oranges this insect has long 
possessed the habit of congregating in large numbers on the leaves and 
fruit in late autumn, subsequently crawling into the navel end for winter 
protection. This habit is comparable to that of certain ladybirds, which 
in late summer congregate in large numbers on the trunks of orchard trees. 

The bean thrips feeds on various plants, but its preferred host—the 
host which it attacks early in spring and builds up on in great numbers— 
is none other than the prickly wild lettuce (Lactuca sp.), one of the 
commonest weeds distributed throughout California, growing along 
roadsides, fences, in neglected places, grain fields, little cultivated 
orchards, etc. It has also been observed breeding on many other plants 
common to waste places. Russell in 1912 listed more than 20 such species. 

Particularly in the warmer interior valleys is this insect most abund- 
ant, apparently preferring the more arid conditions. Sporadically it 
attacks a few cultivated crops such as cotton, alfalfa, pears, beans, 
walnuts; its attacks for the most part being noted in mid-summer or 
autumn and confined to limited areas. 
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Russell in 1912 suggested the reason for this late damage to culti- 
vated plants due to migration from their preferred weed hosts as the 
wild plants die. Unirrigated pear orchards in some hot mountain 
valleys of Northern California sometimes suffer damage from bean 
thrips in the summer, yet not far distant the great irrigated and vigorous 
orchards of the Sacramento River bottom are unaffected. When cotton 
is attacked it is the weakly plants on ground inadequately supplied with 
moisture which are most severely troubled—later the population spread- 
ing over to the more vigorous plants. The xerophilous habit of this 
insect would appear to be indicated from the fact that California citrus 
growers have been shipping navel oranges from these districts most 
heavily infested with thrips to the more humid Hawaiian Islands for 
more than a score of years, yet there is no record of the insect having 
become established there. 

During 1930 the Hawaiian Islands started to restrict the movement 
of citrus fruits from California to consignments free of the bean thrips. 
To meet this situation, the California Fruit Growers Exchange con- 
ducted many experiments in the fumigation of navel oranges with 
hydrocyanic acid gas not only from the standpoint of dosage which 
would produce eradication, but also from that of the effect of the gas 
on the fruit. The experimental results in insect mortality are given in 
Table 1. It was found that the gas generated from 2/3 of an ounce of 
sodium cyanide to the 100 cubic feet of space in a gas tight fumigatorium 
for an exposure of 35 minutes would eradicate the bean thrips in wrapped 
and packed citrus fruits. This dosage was adopted and has been used 
commercially for more than a year. 


TABLE 1. BEAN Turips ERADICATION 


Results of Fumigation in Gas Tight Fumigatorium January, 1930. Temp. 50-60°. 
Sodium Cyanide Pot Generation 
Thrips 


Dosage Time Wrappers Dead 

1 oz. 60 min. Two 100 

1 oz. 60 min. Two 100 

1 oz. 60 min. One 100 

1 oz. 60 min. One 100 

1 oz. 60 min. None 100 

1 oz. 60 min. None 100 

1 oz. 5O min. One 100 

4 oz. 60 min. Three 100 
oz. 60 min. Two 100 
oz. 60 min. One 100 
oz. 35 min. One 100 
oz. 30 min. Three 100 
oz. 30 min. Two 100 
oz. 30 min. One 100 
oz. 30 min. Two 99.7 
4 oz. 30 min. One 99.7 
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In connection with this fumigation of oranges, varying degrees of 
spotting or damage resulted, some cases being rather serious. In study- 
ing the causes of this condition it developed that several factors must be 
given consideration. These include the chemical character and temper- 
ature of the solution in which the fruit is washed, the interval between 
washing and fumigating, the presence or absence of an artificial wax 
covering on the fruit, the maturity of the fruit, the variety of fruit, 
mechanical injuries and some others. 


TABLE 2. COMPARATIVE INFLUENCE OF A VERY CAUSTIC AND A WEAK ALKALI 
SOLUTION ON NAVEL ORANGES Priok TO FUMIGATION wiTH HCN 
Experiment V—Fum. j oz. for 35 min. Temp. 57° 
Interval Total Severely 
Treatment *Wax Pack to Fum. Spotting damaged 
Sodium hypochlorite. ... . eee 20 hours 36% 8% 
Sodium hypochlorite Cold 20 hours 60 
Soda ash No 20 hours 47 17 
Soda ash a . Cold 20 hours 18 0 
Experiment W—Fum. | oz. for 35 min. Temp. 58° 
Sodium hypochlorite. .... No 24 hours 68% 17% 
Sodium hypochlorite ; Cold 24 hours 85 48 
Soda ash No 24 hours 71 13 
Soda ash Cold 24 hours 31 0 


The value of an artificial wax covering for protection against hydro- 
cyanic acid injury seemed to depend very largely on the thickness of the 
coating applied and the nature of the solution in which the fruit had 
been washed. This is indicated in Table 2. 

This experiment shows that a wax coating over Navel oranges after 
dipping in a strong solution of sodium hypochlorite increased cyanide 
spotting to a greater extent than occurred with unwaxed fruit. How- 
ever, waxing of fruit previously dipped in a weak alkali as soda ash gave 
increased protection. 

TABLE 3. INFLUENCE OF THE INTERVAL BETWEEN WASHING AND FUMIGATING ON 
Fruit Injury From HCN 
Fumigation 1 oz. for 35 minutes. Temp. 67-73° 
Total Pitted Severely Damaged 


Solution Interval Interval 
No. Washing Solution Temp. 1 hr. 24hrs. 48hrs. Lhr. 24hrs. 48 hrs. 
, eee : 48% 40% 48% 17% 4% WG 
35. SoapB... can : 31 17 46 9 0 3 
Soap C re } 8 30 36 24 3 0 
Soap A and Wax... } 7 14 14 3 0 0 
Soap B and Wax.... b 7 3 26 3 0 0 


The interval between washing citrus fruit and its fumigation must be 
given consideration. This is brought out in Table 3 which shows that 
fruit fumigated immediately after washing and packing is more severely 
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injured than where an interval of a day elapses. If the interval is ex- 
tended to 48 hours, the damage appears to increase over that at 24 hours. 

The rind of citrus fruits is liberally supplied with oil glands which are 
so close to the epidermis as to be clearly visible. Sometimes in orchard 


SECTION OF ORANGE PEEL SECTION OF L&uON PEEL 


CROSS-SECTION OF L&BOM PEEL 
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Fic. 65.—Structure and arrangement of oil cells in peel of orange and lemon; 
greatly enlarged. 


fumigation these glands are injured, expelling the contents. The 
writer’s experience indicated that the rupturing of oil glands influenced 
the degree of fruit pitting. This field experience appears to be supported 
by the results of experiments with immature oranges in which the epi- 
dermal cells were injured by pricking with a needle both between the oil 
cells and in the oil cells. A large number of fruits were used, half of 
which were fumigated and half not fumigated. 
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In the case of the unfumigated fruit no damage occurred from pricking 
between the glands. Where the oil cells of unfumigated oranges were 
ruptured, characteristic oil staining resulted in about 2/3 of the punc- 
tures, a pale spot scarcely larger than a pin head with scarcely any 
collapsing of tissue. If, however, the fruit was fumigated after injury, a 
greatly intensified spotting showed at the pin pricks, in numerous cases 
the pits being typical of fumigation damage. Some of these pits were 
fully a half inch in diameter. 


TABLE 4. THE EFFECT OF FUMIGATION ON RUPTURED Om, GLANDS IN ORANGES 
Percent of punctures showing injury 
Between In small In large 
Treatment oil glands oil glands oil glands 
No fumigation O% 65% 63% 
Fumigation bg oe 22 6 100 


It is well known in field fumigation that lemon fruits are decidedly 
more resistant to cyanide gas than oranges. This comparative suscepti- 
bility of the two fruits has been evident throughout our fumigation 
during the past year. In order to determine if this was not attributable 
in part to morphological differences of the two varieties, sections were 
made of the peel of full grown Washington Navel oranges and of 
lemons. Figure 65 compares the outer cellular structure of the two 
fruits. 

In the case of the lemon there are several layers of very small thick 
walled cells immediately beneath the heavy cuticle which gives decided 
rigidity to the peel. The orange peel, in contrast to this, normally has a 
single epidermal layer of thick walled cells which blend immediately 
into the thin walled parenchyma. Furthermore, this outer layer con- 
sists of larger individual cells. 

The outer peel of citrus fruits is studded with oil glands. These 
glands are more numerous in the orange than in the lemon, with much 
larger cell cavities, and a thinner wall protecting the cavities. 

The cuticle is raised in a conical protuberance over the apex of many 
orange oil cells, exposing them to easy mechanical injury. In lemons, 
many of the larger oil cells lie beneath a concave pit which affords them 


protection. 

These differences in oil glands and outer cellular structure offer ex- 
planation in part for the greater susceptibility of oranges than lemons to 
fumigation injury. A slight rupture of the cuticle without exposing the 
oil cavity would subject a few surface cells to the toxic gas. If, how- 
ever, an oil cavity was exposed, the absorbed HCN gas could penetrate 
throughout the cavity, causing death and collapse of tissue deep into the 
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peel. More pitting would be expected in oranges with their less pro- 
tected and larger sized oil cells, and more easily injured epidermal 
layer than in the case of the better protected lemons. 


THE DIAPAUSE PHENOMENON, IN INSECTS, WITH SPECIAL 
REFERENCE TO RHAGOLETIS COMPLETA CRESS. 
(DIPTERA: TRYPETIDAE)' 


By A. M. Boyce, Assistant Entomologist, University of California Citrus Experiment 
Station, Riverside, California 


ABSTRACT 
Some of the more important facts relative to the diapause phenomenon in insects 
are summarized. Data are presented from preliminary experiments with various 
chemicals in an attempt to break the dormancy of pupae of the walnut husk fly, 
Rhagoletis completa Cress. 


The term “diapause” used in this discussion refers to the state of 
spontaneously-arrested development brought about directly by physio- 
logical factors. Wheeler used the term to designate a phase of the 
blastokinése. Henneguy applied it to all arrested metabolic phenomena 
in insects but made a distinction according to the stage of development: 
whether it was embryonic, larval, or nymphal. Shelford (6) prefers to 


restrict the meaning of diapause or dormancy to those cases where 
activity or development is arrested spontaneously, while he character- 
izes cases in which activity or development is arrested by unfavorable 
environmental factors as “‘quiescence.’’ A distinction between the two 
phenomena is obviously desirable. In many hexapods, hibernation and 
aestivation provide examples of the diapause phenomenon. 

Diapauses in insects occur in different stages of the life cycle. Over- 
wintering grasshopper eggs afford an illustration of embryonic dia- 
pauses; aestivating larvae of the rice borer, of larval diapauses; hibernat- 
ing apple maggot pupae, of pupal diapauses; and adults of certain 
Lepidoptera and locusts, of adult diapauses, in which instances the de- 
velopment of the gonads is arrested. 

Studies of the nature of diapauses have been few and are. incomplete. 
The most extensive treatise on this subject is that by Roubaud (5), 
whose hypothesis, while perhaps the most outstanding of any advanced, 
does not satisfactorily explain some of the more common cases in insects. 
He worked with several species of Diptera but particularly with Mydaea 
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platyptera L., an anthomyid. His experiments were not very extensive; 
in fact, they were scarcely of sufficient magnitude upon which to base 
important conclusions. 

Roubaud’s hypothesis is that true dormancy in insects is brought 
about by the accumulation of excretory products (particularly urates) 
which, when present in excess, intoxicate the animal in such a manner as 
to retard or inhibit metabolic processes. This state may be coincident 
with prevailing temperature and humidity conditions unfavorable to 
development, in which case it is assumed that the excretion of urates is 
not retarded to the same degree as are other phases of the physiology. 
The experimental work on which his hypothesis is based dealt primarily 
with flies (Diptera). He considers that insects in general may be 
separated into 2 grotips, the homodynamous and the heterodynamous, 
based on the nature of their development. The common house fly 
(Musca domestica L.) illustrates the first category in which development 
is continuous, the species reproducing generation after generation as long 
as climatic conditions are favorable. The heterodynamous group is 
illustrated by the anthomyid Mydaea platyptera in which each suc- 
cessive generation of the year differs in its biological behavior. 

The diapause phenomenon may be further classified by separating 
those forms that have a diapause in each successive generation, illustrat- 
ing rhythmic asthenia (Musca domestica), and those forms that have an 
intermittent diapause recurring once during a cycle, illustrating cyclic 
asthenia (Mydaea platyptera). The latter species was the subject ofa 
considerable amount of experimental work by Roubaud, upon which he 
largely based his hypothesis. Reproduction continues for several 
generations, after which time a diapause occurs, presumably due to 
auto-intoxication as a result of the accumulation of urates. Comparative 
histological studies of mature larvae of the first generation (M. platy- 
tera), that are ready to pupate, and mature second generation larvae, 
entering dormancy, showed that the adipose tissue contained an equal 
amount of urates. When second generation larvae were subjected to a 
temperature of 5° C for an extended period, the urates disappeared. 
According to Roubaud’s theory it appears that an equilibrium does not 
exist between the accumulation and discharge of urates since the ex- 
cretory products are not eliminated as rapidly as they are formed. This 
implies that the progeny of the generations following a diapause are 
materially affected as a result of failure of their parents to eliminate a 
sufficient amount of excreta. Data to substantiate this assumption are 
not available. 








1020 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 24 


Parker and Thompson (3), in their study of the hibernation of the 
European corn borer (Pyrausta nubilalis Hubn.) larvae, found no 
marked differences in the excretory organs of dormant larvae and active 
larvae. Babcock’s (1) studies on the dormancy of this species also 
fail to support Roubaud’s hypothesis. This insect is univoltine in 
certain areas, and bivoltine in other areas that are somewhat similar 
to the former with respect to environment. Babcock found that when 
the two strains were forced to breed under identical incubator con- 
ditions favoring continuous development, the two-generation strain was 
seriously affected and became sterile at the end of the third generation. 
Dormancy is not caused by a reduced temperature and the application of 
heat during the dormant period does not initiate development. Two 
very important factors influencing the production of one and two- 
generation individuals are the amount of contact moisture and the time 
when it is available during the dormant period. When desiccation of 
larvae occurs during dormancy, the transformation into the pupal stage 
is retarded and when desiccated larvae lack sufficient contact moisture 
before they become active, their progeny are composed of a higher 
percentage of univoltine individuals. The latter are not “biological 
species’’ as the term is commonly understood. These different seasonal 
cycles are developed and maintained by climatic impression in the 
various areas. 

Townsend (7) studied the hibernation of codling moth (Carpocapsa 
pomonella Linn.) larvae. In some areas this insect has one, two, and 
three-generation individuals. Termination of dormancy is hastened and 
aided by the addition of water to the tissues. His theory is that by 
diluting the body fluids with water, enzyme action is speeded up re- 
sulting in the resumption of metabolic processes which prepare the 
animal for pupation. Apparently the autolytic enzyme, assumed to be 
present in the tissues, works best at a temperature of near 10° C, since 
this temperature is more favorable than 0° or 22°C, the latter inhibiting 
the enzyme action. However, since the summer brood pupates at 
temperatures above 22°C, this explanation does not apply and this 
phase has not been exhaustively studied. Insofar as pupation is con- 
cerned, prolonged exposure to summer temperatures has no effect 
upon the winter brood. Townsend suggests that an explanation of the 
autolysis of larval tissues in such cases is based on acidity. This is in 
accordance with the findings of Bishop (2) who, in his research with bee 
larvae, found autolysis to be due chiefly to increased acidity of the 
tissues, which results from such activity as spinning. 
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According to Uvarov (8), Heller (1926-1930) studied the gaseous 
metabolism of lepidopterous pupae dealing particularly with the hawk- 
moth, Celerio euphorbiae L. This insect is single-brooded, although a 
certain percentage of the pupae develop without a diapause. He con- 
cluded that the characteristic type of development can not be influenced 
by temperature, and that it is inherited as a Mendelian character. 

Readio (4), in his study of dormancy in the bug, Reduvius personatus 
(Linn.), found that the species may enter a state of prolonged dormancy 
during the third, fourth, and fifth nymphal instars, and probably into 
shorter periods in the first and second instars. The dormancy is obli- 
gatory ; it is produced by some inherent physiological condition, and not 
by external conditions unfavorable to development. When insects of the 
third and fourth instars are in a diapause, the stimulus of higher temper- 
atures will terminate it, while this fails to influence those in the fifth 
instar. From this, Readio concludes that his results do not completely 
substantiate Roubaud’s theory of uremic intoxication, although the 
assumption of the truth of this theory appears to explain the phenomena 
observed. 

The diapause phenomenon is exceptionally well shown in the pupal 
stage of the walnut husk fly (Rhagoletis completa Cress.). This species 
was described in 1929 from California, where it is injurious to the 
Persian walnut. Flies emerge from the soil in midsummer and deposit 
their eggs in the green husks of walnuts. The larvae consume the inner 
husk tissue in feeding. When mature, they issue from the walnut husk, 
drop to the soil, and burrow downward several inches to pupate. 

The depth that the larvae penetrate the soil before pupation varies 
somewhat, depending upon soil type. However, over 85 per cent of the 
larvae are in the upper 3 inches of soil, while a very few may burrow 
downward to a depth of 7 inches. During the regular orchard culti- 
vation practices, the pupae are fairly evenly distributed through the soil 
to depths of 10 inches or more. Therefore, cultivation of the soil is 
beneficial to the species, since experiments have demonstrated that 
most of the pupae which lie within 5 inches of the surface of the soil in 
total sunlight are killed by the high temperatures during the following 
early summer. 

After the larvae have attained sufficient depth in the soil, the body 
skin hardens to form the puparium, and mobility is lost. Histolysis and 
histogenesis extend over a period of about 6 days, and then the insect 
enters the true pupal stage, surrounded by the hardened larval skin 
of the third instar. 
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A portion of the flies emerges the following year while an appreciable 
percentage does not emerge until the second year. Some do not issue 
until the third year and there are indications that a few individuals will 
require four years before emergence. The following table summarizes 
the data obtained pertaining to this matter. 

TABLE 1. SHOWING LENGTH OF TIME THAT PUPAE OF Rhagoletis completa Cress. 
REMAIN IN Sor. BEFORE ADULTS EMERGE 
Number flies Healthy pupae 
collected in end of Generations—Approx. Per Cent 
Year cages season l year 2years Syears 4 years 
e's + whet-is 1464 640 66 26 OS 0.34 
1929 dla 7066 9203 40) 53 07 — 
1930 my 7930 992 89 ll — — 

It is of interest to note that the percentage of the 1929 brood emerging 
in 1930 is much higher than that for either of the preceding years. A 
study of the weather records, comparing mean temperature and humid- 
ity over the period of emergence, reveals no significant differences in any 
single year that may be expected to affect the percentage which emerged. 
Since weather records for the entire year in this locality are not avail- 
able, a study of the possible relationship of temperature and humidity to 
emergence has not been made. 

An experiment was conducted whereby the depth from which adults 
are capable of emerging was determined. Healthy pupae were buried in 
appropriate screen cylinders at depths of 8, 14, 20, 26, and 34 inches, 
respectively. Two hundred pupae were used in each test and the 
entire experiment duplicated once; thus a total of 400 insects was sub- 
jected to the conditions of each test. The following data pertains to 
those flies that issued from their puparia. However, it should be pointed 
out that only a very few individuals reached the surface of the soil from 


the deeper points. 


TABLE 2. SHOWING PERCENTAGE EMERGENCE OF Rhagoletis completa Cress. From 
PupAE BuRIED AT VARYING DEPTHS 
Per cent 

emergence 
ay ee nee tle 69 
14. oe ye ae ; 66 
20 . naes ole , 59 
26 , — 65 
34 40 


Depth 
in inches 


Since the pupae were of the same age and other conditions were 
comparable, except that the depth at which each lot was buried differed, 
the indications are that depth affected the percentage of emergence. 
This immediately suggests a temperature relationship. However, it is 
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recognized that the data are too inadequate upon which to base con- 
clusions. 

Several thousand newly-formed pupae were placed under indoor con- 
ditions in a heated insectary in the middle of October and 0.6 per cent 
emerged during the first half of December. A few adults emerged 
sporadically until the following August, when the general emergence 
took place corresponding to the behavior under field conditions. 

Preliminary experiments were conducted in an effort to determine the 
effect of certain chemicals in terminating the diapause. Only a few 
of the chemicals that have given positive results in breaking the dor- 
mancy of plants were tested. These included ethylene chlorohydrin, 
ethylene dichloride, carbon tetrachloride, carbon bisulfide, potassium 
thiocyanate, ammonium thiocyanate, hydrogen cyanide, thiourea, and 
xylol. In each test, 200 pupae of the same age were used. Random 
concentrations of the materials were used with several variations. 
Treatment consisted of soaking the pupae for varying lengths of time in 
the materials. In some instances, they were subjected to an atmo- 
sphere of gas of the particular chemical. After treatment, each lot was 
segregated in sand in containers that were kept indoors under heated 
insectary conditions. Adequate controls were maintained. The emer- 
gence of the flies was recorded at weekly intervals. Four months after 
treatment, the potassium thiocyanate-treated lots showed an average 
emergence of 8 per cent, while the controls averaged 2 per cent. At 
this time, there was a slight emergence in most of the other lots, but in 
no instance did it exceed that of any of the controls. Six months after 
treatment, the potassium thiocyanate-treated lots showed an average 
emergence of 22 per cent, the thiourea-treated lots an average of 21 per 
cent, while the controls averaged 12 per cent. The emergence in any of 
the other treated lots did not exceed that of the controls. 


DISCUSSION 


The diapause phenomenon is an interesting biological process. Numer- 
ous causes have been suggested, such as dryness, coldness, heat, hydrogen 
ion concentration, enzymes, and hormones. With reference to the 
walnut husk fly, Roubaud’s hypothesis, i. e., uremic poisoning, does not 
seem to apply. Apparently there are two sets of conditions : the diapause 
of those forms that enter the soil during the fall of one year and 
emerge the following summer, and those forms that require two or more 


years before emerging. Since practically all individuals are subjected 


to similar temperature and humidity conditions in the soil, it seems ap- 
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parent that those forms requiring more than one year to emerge are in- 
herently different from the one-year forms. 

The data relative to the apparent effect of potassium thiocyanate and 
thiourea in shortening the diapause, indicate that further work with 
chemicals along these lines is desirable. Were a method available for 
breaking the diapause at will, it seems probable that some light would 
be shed on the nature of the phenomenon. Further studies of this 
subject include the employment of heat, cold, moisture, and chemicals. 

Some of the outstanding instances cited, illustrating the diapause 
phenomenon in insects, indicate that the nature of it is rather compli- 
cated. The author has not found an hypothesis in the literature that is 
satisfactorily explanatory. 
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Los Angeles, California 
Pyralis farinalis and the Efficiency of Light-traps. On June 27, 1931 I spent 
over two hours, from 10 to midnight, picking off moths as they came into the Cor- 
nell University light-trap. On leaving the trap I found a very large swarm of the 
Meal Snout-Moth, Pyralis farinalis L. hovering around a wire-enclosed shed that 
had been used the year previously as a chicken coop. There were hundreds of the 
moths within twenty-five feet of the light, yet in the previous two hours not a 
single specimen had entered the trap. These data would seem to leave nothing to 
the imagination, in this case at least, regarding the possibility of control of P. fari- 
nalis by the use of light-traps. 
ALEXANDER B. Kors, Department of Entomology, Cornell University. 
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CITRUS SCALE DISTRIBUTION IN THE 
MEDITERRANEAN BASIN 


By STANLEY B. FREEBOoRN, Ph.D., Associate Professor of Entomology, University of 
California, Davis, Calif. 
ABSTRACT 


The distribution of the important coccid pests of citrus in the Mediterranean Basin 
is given with observations on their economic importance and the ecological and 
administrative factors influencing distribution. 


The writer in anticipation of an entomological trip thru the citrus sec- 
tions of the Mediterranean Basin in 1930 attempted to find an account 
in English of the distribution of scale insects of that section with some 
reference to their economic importance. Two excellent articles were 
found, one by Quayle’ and the other by Hall.* The former deals largely 
with Spain and Italy and presents a picture of conditions in 1914 before 
the enormous increase of citrus plantings that followed the war and the 
latter is an admirable presentation of Egyptian conditions with valuable 
notes on some of the pests of other Mediterranean countries.” 

The writer presumes to supplement these papers with observations on 
the present distribution of the more serious scale pests with a few 
necessarily brief observations on factors more or less dependent on or 
influencing distribution. 

The dictyosperm scale or Spanish Red Scale (Chrysomphalus dic- 
tyospermi Morg.) is the predominant scale of the area in question. This 
is the “pou rouge” of French speaking countries, the “bianca rossa”’ of 
Italy, and the “poll roig”’ in the orange section of Spain. It is present 
in No. Africa from Tunis thru Algeria and into Morocco and on the 
northern shores from Spain to Greece. The eastern shores (Syria and 
Palestine) are free from the pest as is also Egypt. In every case its 
distribution is limited to a narrow coastal belt and its penetration inland 


is apparently possible only under rather unusual conditions. C.pinnulifera 


Mask. which is sometimes classified as a variety is reported (by con- 
versation) by Balochowsky as occurring in Algeria, Morocco, Sardinia, 


1Quayle, H. J. Citrus Fruit Insects in Mediterranean Countries. Bul. U.S. D. A. 
No. 134. Oct., 1914. 

*Hall, W. J. The Insect Pests of Citrus Trees in Egypt. Ministry of Agric. Egypt, 
Tech. and Scien. Service Bul. 45, 1924. 

*The writer’s attention has been called to an article by Bodenheimer (Contribution 
to the Knowledge of Citrus Insects in Palestine, Hadar 3: 3-8, 1930) which lists the 
citrus pests of Palestine and includes a table showing the occurrence of the principal 
scales of citrus in some of the Mediterranean citrus centers. 
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and Egypt. The hosts of the Dictyosperm Scale other than citrus are 
manifold, which complicates the problem of control. In Algeria four 
generations are present while only three occur in Sicily and the French 
Riviera before cold weather causes a dormancy of the partly grown 
nymphs which produce the first spring brood ovo-viviparously. De- 
tailed examination in many of the countries along the northern shores 
of the Mediterranean revealed the fact that many individuals of the 
California Red Scale, C. aurantiti Mask., were present in what had been 
considered pure cultures of the Dictyosperm Scale so that altho the 
latter is without question the predominant scale in these sections, it 1s 
abetted in its depredations by the former. 

The California Red Scale (Chrysomphalus aurantii Mask.) occurs in 
Spain, Southern France, Italy, Cyprus, Palestine, and Egypt. Except 
at isolated spots it seems to be of distinctly secondary importance in 
Spain, Southern France, and Italy where it is associated and confused 
with the Dictyosperm Scale. In Palestine where there occurs also the 
yellow scale (var. citrinus Coq.) it is the most important citrus scale. 
In Egypt where the true red variety occurs it sometimes is found on 
the twigs of citrus but can hardly be classified as a citrus pest as it 
confines its activity almost entirely to ornamentals and is particularly 
detrimental in nurseries and rose gardens. This species is referred to 
in Egypt as the “red scale’; in Spain as the “cochinilla roja” ; in France 
as “pou rouge de Californie.” 

The Florida Red Scale (Chrysomphalus aonidum L.) constitutes the 
most serious citrus pest in Egypt and Syria where it is known as the 
“black scale.” It occurs sparsely in Spain, Italy, Greece, and Turkey 
but does not constitute more than academic interest. It is a serious pest 
of ornamental citrus about the Bay of Algiers in Algeria but has not 
spread to the neighboring commercial plantings. It has been introduced 
into Morocco where it flourished until apparently eradicated by strenu- 
ous control measures. 

Palestine, lying between Syria and Egypt, has its great commercial 
district about Jaffa free from infestation probably through the agency 
of quarantine measures for at points where the pest has been introduced 
into other sections of Palestine it has shown the same serious prolificity 
it manifests in Egypt and Syria until controlled by over-dosing with 
cyanide. 
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The Purple Scale (Lepidosaphes beckii Newman)‘ is present as a 
serious pest in Spain, Italy, Algeria, Tunis, Morocco, and Northern 
Egypt. In the northern part of the citrus section of Spain, and in 
Morocco and Corsica, the Long Scale (L. gloveri Pack.) is present and 
constitutes a serious pest. The Purple Scale is known as the “serpeta 
gruesa” in Spain; “cochenille virgule” in France; “pidocchio a virgola” 
in Italy ; while the publications by the English refer to it as the “citrus 
mussel scale.” In Spain, gloveri is distinguished by calling it the “ser- 
peta fina.” 

Parlatoria zizyphi Lucas, the “cochenille noire de l’oranger” in French 
speaking countries ; “pidocchio nero”’ in Italy, and “poll negre” of Spain 
confines its attacks almost exclusively to citrus, favoring oranges and 
tangerines. It is most common in Spain, Algeria, Tunis,and Morocco, but 
occurs in Sicily, Crete, Cyprus, and very sparsely in Italy. It does not 
appear commercially in France, Egypt, Palestine, or Syria. It has been 
generally reported as passing the winter in the egg stage but the writer 
repeatedly observed living females in all stages of growth as late as 
February in North Africa. 

Its depredations are minimized by the growers and a few of the en- 
tomologists but the difference in the vigor and productivity between 
infested and clean groves impels one to attribute serious damage to 
this pest. It is without question the most difficult Mediterranean citrus 
scale to control. Parlatoria pergandi Comst. which is frequently en- 
countered is seldom of economic importance. 

The Oleander Scale (Aspidiotus hederae Vallot) occurs throughout 
the Mediterranean basin but apparently confines its attacks on citrus to 
the fruit of lemons in France and in Italy where it is called the “bianca 
dei limoni.” 

Our Black Scale (Saissetia oleae Bern.) which is present throughout 
the Mediterranean basin is recognized solely as an olive pest except in 
French North Africa (Tunis, Algeria, and Morocco), Spain, and 
Southern France. In French North Africa it constitutes a serious 
citrus pest but has a decidedly spotty distribution; even in a single 
orchard some trees will have seriously heavy infestations while a neigh- 
boring tree will have none. Quayle (1914) reports serious infestations 


‘The European literature consistently calls this species L. pinnaeformis Bouché. 
Balochowsky who has done considerable work on the species states, however, that 
pinnaeformis Bouché is a distinct species infesting orchids (L. pinnaeformis Bouché = 
citricola Comst. =tuberculata Malen). He refers to this species as L. cttricola Pack., 
which is antedated, however, by L. beckit Newman. 
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in Spain at that time but conditions have changed to the extent that at 
present it is of minor importance while the mealy bug (P. citri) infesta- 
tion has increased to the point where practically all fumagine (smut) 
damage is referred to mealy bugs. It is very possible that this change 
is the result of the extensive fumigation operations that have been car- 
ried on during the past twenty years. 

The wax scales (Ceroplastes spp.) were observed in all the countries 
bordering on the Mediterranean except Tunis. Although they are 
prodigious fumagine producers they are not considered serious pests 
except in Northern Spain and Northern Italy. In Italy, C. sinensis Del 
Guer. is known as the “ceroplaste dei chinotti” and appears in over- 
whelming numbers in cycles of about three years after which it sub- 
sides and is hardly possible to find during the year following the peak of 
the cycle. In the Castellon section of Spain it occurs annually in serious 
numbers and is known as the “carparreta blanca.’’ The same species 
sometimes becomes of commercial importance in Algeria but generally 
on individual trees rather than on entire plantations. The species con- 
cerned in Palestine and in Northern Egypt is floridensis Comst. 

The Cottony Cushion Scale (/cerya purchasi Mask.) is present in all 
the citrus areas of the Mediterranean but is kept well in check by its 


predators which have been introduced by government authorities. There 
is a growing sentiment among many of the growers that infestations 
of cottony cushion scale are much more difficult to control by predators 
when occurring on trees grown on sweet lemon stock than when the 
trees are grown on bitter orange stock. Several infestations were pointed 
out to the writer that would tend to confirm this supposition but at each 
point where the infestation was at all serious, the trees were in a poor 


state of cultivation and very dry. 

There are many mealy bugs present in the Mediterranean basin 
but only two that might be considered as dangerous at present. The 
citrus mealy bug (P. citri Risso) constituted the most serious insect 
pest in the Valencia district of Spain this year (1930-31). Control 
measures as applied with the usual field practice failed to give better 
than a seventy per cent control and by the time the oranges began to 
color, it was exceptional to find a cluster of fruit uninfested. In many 
orchards, the growers employed men to wipe off the soiled and infested 
fruit on the trees with cloths moistened in gasoline. This mealy bug 
is present in practically all the citrus sections but with the exception of 
Spain and Sicily it was not of extreme importance. It is known as the 
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“cotonet” in Spain; the “cochenille farineuse” in France; and the 
“pidocchio cotonoso” in Italy. 

The Hibiscus Mealy Bug (Phenacococcus hirsutus Green) is ap- 
parently Egypt’s most serious citrus insect problem. In actual damage 
the Florida Red Scale probably causes a greater financial loss at present 
but the inadequacy of present control methods exercised against this 
mealy bug forecasts its expansion and seriousness. It is an omniverous 
feeder and on citrus in general and particularly on mangoes and limes 
produces deformations of new tissue to such an extent that production 
is nil. Its leaf curling proclivities enable it to produce gas- and liquid- 
tight shelters that protect it very effectively against chemical treatment. 
Its distribution in the Mediterranean Basin is limited to Egypt. 

This summary of the distribution of the important citrus coccids in 
the Mediterranean Basin naturally raises many unanswerable questions 
concerning the ecology of the various species and the part played by 
quarantines in limiting their spread. To cite only one case, the Arab- 
type orchards of the Jaffa section of Palestine probably owe their free- 
dom from Florida Red Scale invasion from Syria to a strict quarantine 
and strenuous eradicative work and Morocco is free for the same 
reason from the same pest. In Morocco the species has demonstrated its 
ability to live and many of the closely planted Arab-type orchards of 
Palestine would offer sufficiently humid conditions for it to flourish 
altho its success in the modern well-spaced Hebrew orchards of the 
Jaffa section is problematical. On the other hand all the varieties of 
oranges in the world with their various pests are displayed in outdoor 
fruit stands shaded by citrus trees in many instances on the French 
Riviera with no apparent effect on the domestic citrus industry except 
for the introduction of the cottony cushion scale which has, however, 
pushed itself by every quarantine in the whole area in question. 

One other point that the layman is apt to overlook is emphasized by the 
findings in the Mediterranean Basin; i. e., the folly of attempting to 
prophesy from the findings in one area how the species under observa- 
tion will react on the same host in another apparently similar locality. 
Theoretically, it should be possible to state after collecting careful 
ecological data whether the species in question would be able to main- 
tain itself in the new environment but there are so many factors such 
as methods of cultivation, biological strains’ of both host and parasite 
that are not measurable or controllable that it becomes unpredictable 
by any means other than by actual introduction and trial. 
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To illustrate these points,—in Egypt, C. aonidum heavily infests 
eucalyptus and these infested trees on account of their height and diffi- 
culty of control form a constant reservoir for reinfesting neighboring 
citrus trees by wind distribution. The same species of eucalyptus are 
never infested in Algeria according to Balochowsky*. Here, altho 
climatic conditions around the Bay of Algiers are favorable to the 
prolific growth of the pest, one of its favorite Egyptian hosts is com- 
pletely immune. Thus an investigator from Cairo observing conditions 
in Algiers with the idea in mind of protecting the eucalyptus of Egypt 
would probably make a report, the adoption of which would be fatal. 

Modern methods of insect control and the administration of this work 
are so new and have been accepted so slowly in this area that at 
present, with the possible exception of Spain, control work such as 
fumigation and spraying is regarded as a luxury or an imposition by a 
majority of the growers. The most striking innovation to an American 
is the reversal of costs whereby the material used to treat an infested 
tree is the most important cost and the labor involved negligible. This 
has reversed the usual ratio between the cost of fumigation and oil 
spraying to the point where the cost of spraying is one-half to one-third 
that of fumigation. This is made possible by the decreased cost of labor 
making it possible to apply spray material far more economically than 
we are able to do in California. A tree that would require 5-8 gallons 
of material as we apply it can be thoroly and efficiently covered with as 


many quarts with the small machines and hand pewer utilized through- 


out the Mediterranean countries. 

The chief difficulties in the application of sprays by these methods is 
the necessity of adding material to increase the spreading qualities of 
the prepared emulsions and the tendency on the part of the sprayer to 
try to economize still further and fail to apply enough material. The 
lack of spreading under the low pressure application is corrected by the 
addition of %% “savon noire” (a soft black potash soap). The proper 
application is a matter of education but is being largely eliminated by 
the increase in spraying contractors with trained gangs of workmen. 

The Mediterranean Basin offers a fine laboratory for one interested 
in the administration of insect control work. There are countries where 
no supervision is exercised; some where dangerous importations are 
treated by the government; some where obligatory control work is 


SBalochowsky, A. “Contributions a l’etude des Coccides de l|’Africque mineure 
(3me note) Bul. Soc. d’Hist. Nat. Africque du Nord zg: 156-180. April, 1928. 
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done by governmental agencies in severely infested zones, and one 
where the entire citrus area is subject to obligatory control by the gov- 
ernment. It is interesting to note that the most heavily infested fruit, 
comes from the three countries with obligatory treatment by governmental 
authorities. One facetiously inclined would be liable to draw the more 
apparent inference but it is undoubtedly caused by the fact that the ex- 
treme infestation has necessitated the means and future improvement 
will justify measures which are naturally as unpopular at present as 
any required procedure is bound to be. On the other hand, Spain which 
was a pioneer in Mediterranean citrus insect control, is working along 
Californian lines with a nominal inspection for exportation. The results 
as judged by the export fruit are remarkably good and insect control 
has passed from a luxury to the absolute necessity stage in the minds 
of the majority of the growers. 

Every citrus producing area in the Mediterranean Basin presents its 
own unique entomological problems and any generalities concerning them 
are immediately confronted with contradictions unless it be that the 
entire area is becoming increasingly conscious of the fact that insect 
control is no longer an expensive luxury but a rigid necessity. 


WESTERN THYSANOPTERA OF ECONOMIC IMPORTANCE 


By DupLeEyY MOULTON 


ABSTRACT 

This paper includes a discussion of the principal thrips pests found in California, 
namely; the greenhouse, orange, grape, onion, flower thrips and others, giving their 
generic and specific characters so that they can be recognized by entomologists 
working on this group of insects. 

There are seven species of thrips west of the Rocky Mountains which 
can be classed as of major economic importance and they are listed 
as follows: Heliothrips haemorrhoidalis Bouche, the Green-house thrips ; 
Hercothrips fasciatus Pergande, the Bean thrips; Scirtothrips citri 
Moulton, the Orange thrips ; Drepanothrips reuteri Uzel, the Vine thrips ; 
Frankliniella californica Moulton, (this has not heretofore been desig- 


nated by common name and I am therefore calling it the Western flower 
thrips) ; Thrips tabaci Lindeman, the Onion thrips; and Taeniothrips 
inconsequens Uzel, the Pear thrips. 


The ravages of these species are well known to western entomolo- 
gists. The life history and habits of three of them, Hercothrips fasciatus, 








10382 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 24 


Scirtothrips citri and Taeniothrips inconsequens, have been thoroughly 
studied as found under western conditions and the records of these in- 
vestigations have been published. Heliothrips haemorrhoidalis and 
Thrips tabaci are the most common cosmopolitan species, have been col- 
lected in the tropical and sub-tropical zones throughout the world and 
have been written about more than any other two known species. Taenio- 
thrips inconsequens is also now recognized as a cosmopolitan species. It 
was found originally in Europe and is known to exist in various sec- 
tions of the United States, Canada, Argentina, S. A. and Turkestan in 
Central Asia. Thrips tabaci has been found wherever thrips have been 
collected. It is a major pest on onions and is well named the Onion 
thrips. Drepanothrips reuteri was originally found in Europe but dur- 
ing the last few years has caused considerable damage to grapes in 
California. The last remaining of the seven named species, Frankliniella 
californica Moulton has been taken in Canada and all of the states west of 
the Rocky Mountains and as far east as Montana and Wyoming. It has 
been collected from practically all wild flowers, fruit blossoms and is the 
one most commonly collected throughout this area whenever sweepings 
are made. 

Many entomologists have asked for the common characters so that 
they can determine to a fair degree of certainty the identity of these 
common species, a brief classification with descriptions is therefore 
offered for this purpose. A few species such as Heliothrips haemor- 
rhoidalis and Hercothrips fasciatus can be recognized by the naked 
eye or by hand lens, because of their color, especially the banded wings, 
but it is quite impossible to determine accurately any of the other species 
without the use of a compound microscope, except when the individuals 
are found commonly on their preferred hosts, such as the Onion thrips 
on onion, Grape thrips on grapes or Orange thrips on citrus trees. The 
following characters will aid in their identification : 


Genus HEuiotHRIPS HALIDAY 


Body, especially head and prothorax with deeply reticulated structure. 
Antennae with eight segments, eighth needle-like in shape and approxi- 
mately four times longer than seven, simple sense cones on third and 
fourth segments. Each fore wing broad at base and rounded at tip, 
costal spines wanting, costal fringe rudimentary or wanting, anterior 
vein fused with fore-vein before the middle. Hind coxae rather widely 


separated. 
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Heliothrips haemorrhoidalis Bouche (Greenhouse thrips). Color 
blackish with clear light legs, wings and antenna except for a dark spot 
at tip of sixth segment. Species very sluggish. 


GeNus HErcotHrips Hoop 
Rather similar to Heliothrips in body reticulation. Antenna 8-seg- 
mented. Costal spines and fringe on fore wings are well developed 
Sense cones on third and fourth antennal segments are forked; the 
hind coxae are approximate. 
Hercothrips fasciatus Pergande (Bean thrips). Yellowish brown, 
fore wings with transverse bands, tips brown. Species active. 


GeNus ScrrTOTHRIPS SHULL 
Head is shorter than broad. Antennae 8-segmented, forked sense 
cones on segments three and four; wings with two longitudinal veins 
set irregularly with spines. Prothorax without spines except two on 
each posterior angle, the inner of which is longer. 
Scirtothrips citri (Orange thrips). Orange yellow in color, species 
very active. 
GENus DREPANOTHRIPS UZEL 
Very similar in general appearance to Scirtothrips. Antennae 6-seg- 
mented. Prothorax with two bristles on each posterior angle. Wings 
greatly widened at the base, longitudinal veins weakly developed. Ninth 
abdominal segment of male on either side with a long sickle-shaped 
appendage. 
Drepanothrips reuteri (Vine thrips). Brownish yellow, species very 
active. 
GENUS FRANKLINIELLA KaRNY 
Head about as long as wide. Interocellar and postocular spines usually 
well developed. Spines on prothorax as follows: those on anterior 
margin and at anterior angles and a pair at posterior angles well de- 
veloped, and a series of five along posterior margin, the fourth of which 
is usually longer than the others. Antenna 8-segmented, sense cones 
on segments three and four forked. Wings with two longitudinal veins 
both of which are regularly set with spines; spines and fringe on 
anterior margin of fore wings well developed. 
Frankliniella californica Moulton, (Western flower thrips) dark 
brown varying to light yellowish brown. This is the most common 
species found west of the Rocky Mountains. 
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GeNus Turips LINNAEUS 

Similar to Frankliniella but separated by the 7-segmented antenna, and 
the absence of prominent spines on anterior angles of prothorax; there 
is, however, a pair at each posterior angle and usually a series of three 
spines on either side along posterior margin. Wings with two longi- 
tudinal veins, the fore vein with a few scattered spines and hind vein 
set regularly. 

Thrips tabaci Lindeman (Onion thrips) has three scattered spines in 
middle of fore vein of fore wings and two at end of the same vein, the 
presence of these spines in the middle of fore vein together with the 
brown colored ocellar crescent are good specific characters for identify- 
ing this species. 

GeNus TAENIOTHRIPS UZEL 


Very closely related to the genus Thrips and separated chiefly by the 
8-segmented antennae as compared with the 7-segmented antenna in 
the genus Thrips. Taeniothrips is characterized by the absence of 
prominent spines on anterior angles of the prothorax and two longi- 
tudinal veins in each fore wing, with spines placed irregularly on the 
fore vein and regularly on the hind vein. Taeniothrips inconsequens 
Uzel, (Pear thrips) dark brown, usually quite sluggish. 


Host PLaNnts 

The Greenhouse thrips, Heliothrips haemorrhoidalis, has a wide 
variety of host plants, it is common within hot-houses and may be found 
on plants in the open in warmer regions, as it is more truly a tropical 
insect. Its ravages on avocados and cotton in California are well known. 

The Bean thrips, Hercothrips fasciatus, is a common species along 
the west coast and is found everywhere on mild-weed, cotton, sugar- 
beets, alfalfa and other leguminous plants and of recent years has de- 
veloped into a most serious pest on pear trees in upper California. 
This insect has a habit of hibernating in the navel ends of oranges in 
the San Joaquin Valley which has caused considerable concern to citrus 
growers when shipping their fruits to foreign countries. 

The Orange thrips, Scirtothrips citri, has reached its greatest de- 
velopment along the hot, dry foothills of the lower San Joaquin Valley 
and the mesa lands of western Arizona. Its distribution is rather 
limited. Life history studies and control work on this insect have been 
in process for approximately twenty years. The Orange thrips of South 
Africa, Scirtothrips auranti Faure, is closely related, with similar life 
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history and habits but there are distinct specific differences which estab- 
lish it clearly as another species. 


The Vine thrips, Drepanothrips reuteri, was originally found on grapes 
and grape vines in Europe but must be considered a major pest on grapes 
in California although the damage is more or less spotted and not gen- 
erally wide-spread. 

The Western-flower thrips, Frankliniella californica, has caused silver 
spotting on apples in Washington and Oregon, has damaged alfalfa in 


Colorado, Wyoming and Arizona and is found commonly in deciduous 
fruit tree blossoms, especially almonds, where it is a co-worker with 
Taeniothrips inconsequens. It is also found in citrus blossoms with 
Scirtothrips citri and when so found it is difficult to determine which 
insect is doing the greater damage. 

The Pear thrips, Taeniothrips inconsequens, is distinctive from all 
other species mentioned in this paper in that it is a single brooded in- 
sect and has a well-defined life cycle. Its habits are well known. At the 
present time its ravages on deciduous fruits, especially prunes and pears 
is rather limited. 

The Onion thrips, Thrips tabaci, can be charged with much damage 
along with other species, excluding its ravages on onions. It is in- 
variably found in company with all other species of thrips inhabiting 
flowers and foliage. 

All of you are interested in the control methods now being carried on 
against these various species of thrips. Expenditures for this control 
amount to many hundreds of thousands of dollars. The most recent 
method of airplane dusting has been tried out extensively during the 
last two or three years but I have not personally observed these opera- 
tions and cannot, therefore, speak with assurance on how successful 
this work has been. 

The peculiar form of the mouth parts of thrips, a combination of 
piercing and sucking, eliminates the use of poisons for their control, a 
contact insecticide is therefore necessary. The great sluggishness, for 
example, of the Pear thrips, offers an opportunity for close observation 
in control work. The extreme activity of both the Orange and Grape 
thrips makes it difficult to observe and secure records on a percentage 
of extermination in control work even under the most satisfactory con- 
ditions. The recent methods followed of making records of fruit injury 
as in the case of oranges is not entirely satisfactory. I have never been 
convinced that sulphur is the best contact remedy for the Orange thrips, 
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although it is being commonly used and recommended by those who 
have been carrying on experimental work. I am inclined to believe 
that too much emphasis has been placed on sulphur as compared with 
other contact insecticides which are used in the dust form. I do believe 
that dusting as compared with liquid sprays is far better, especially when 
applied for the control of the extremely active adults of the Orange and 
Grape thrips because for a proper control it is so necessary to cover 
large areas quickly. 


REMARKS ON THE GENUS ELLOPIA (ORDER LEPIDOPTERA, 
FAMILY GEOMETRIDAE) WITH SPECIAL REFRERNCE TO 
THE OAK LOOPER, FE. SOMNIARIA HULST AND THE 
HEMLOCK LOOPER, FE. FERVIDARIA HUBNER' 


By W. J. CHAMBERLIN, Forest Entomologist, Oregon State College 


ABSTRACT 

Ellopia fervidaria and E. somniaria of the Pacific Northwest are apparently 
biological strains of one species. The former is a serious pest of coniferous trees while 
the latter defoliates oaks. E. fiscellaria inflicts heavy damage to conifers in North- 
eastern America while E. athasaria does some damage to hemlock and other trees in 
Ohio. 

The life history of E. somniaria in the Willamette Valley of Oregon is given. The 
decline in epidemic infestations is apparently due largely to parasitism. One species 
of tachinid, one chalcid, one Pteromalid and three species of Ichneumonidae were 
found to parasitize nearly 25% of the caterpillars and pupae. 

Of the sixteen species belonging to the genus Ellopia (Barns and 
McDonnough) which are found in America north of Mexico, at least 
four appear to be of considerable economic importance. 

In the northwest the hemlock and Douglas fir are defoliated by a 
species which is usually referred to as E. fervidaria, Hubner. This in- 
sect has been epidemic at intervals for at least 50 years. It is reported 
to have destroyed 500 millions board feet of Western hemlock and 
Douglas fir in Oregon 1919-1921. E. fervidaria is reported to range 
from Florida to Montreal along the east coast, but is not reported from 
any locality lying between this Atlantic strip of territory and the Pacific 
Northwest. Furthermore, the reported hosts of the caterpillars in the 
east are the silver bell tree (Halesia diptera), Live oak (Q. virginiana), 
Birch, Beech, Elm, and Cherry in the United States, while Spruce is 
reported attacked in Canada. 

1Published as Technical Paper No. 165 with the approval of the Director of the 
Oregon Agricultural Experiment Station. A contribution from the Department of 
Entomology. 
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A species commonly referred to as E. somniaria Hulst is abundant 
at intervals in parts of Oregon, Washington and British Columbia. The 
caterpillars feed extensively upon the native oaks, defoliating large 
areas. 

The hemlock looper of eastern Canada, known as E. fiscellaria Guen. 
ranges from Georgia to Nova Scotia and west to Wisconsin, with one 
report of its occurrence in central British Columbia. It has repeatedly 
been epidemic in eastern Canada on Tsuga canadensis, and was reported 
to have inflicted heavy damage in the balsam stands north of the St. 
Lawrence river in 1927-1929. What is evidently a biological strain of 
the same species feeds on spruce throughout eastern Canada. Fracker 
(J. Ec. Ent. 18:837) reports this species as serious on hemlock in 
Wisconsin in 1915-28. In addition to hemlock, pine, choke cherry, and 
balsam were damaged to some extent. 

Ellopia athasaria Walker has been reported as quite injurious at in- 
tervals. Houser (J. Ec. Ent. 20:299) records it killing considerable 
hemlock in Ohio. In addition the caterpillars fed to some extent on 
oak, maple, and other broad leaf trees. This species differs from the 
three mentioned above in that the winter is passed as pupa. 

A review of the literature dealing with the genus brings out the fact 
that there is considerable diversity of opinion regarding the status of the 
various species. The species seem to be founded largely upon size, shape 
of the wing bands and slight variations in color. For example, Oregon is 
credited with two species, Ellopia fervidaria and E. somniaria. Some 
writers refer to the oak feeding species as E. fervidaria, others call it 
E. somniaria. The hemlock looper is likewise treated under each name 
and has also been referred to as Ellopia fervidaria variety somniaria. 
The species are scarcely distinguishable. This is especially true of speci- 
mens which are not fresh or those which have been carelessly handled. 

During the season 1929-30 while working on the oak looper, attempts 
have been made to secure fresh specimens of other so-called species in 
order to compare the genitalia and settle the validity of the species. Up 
to the present time, we have failed to secure suitable material, but hope 
that under present arrangements it may be accomplished this fall. 

I am inclined to believe that Ellopia somniaria Hulst and E. fervidaria 
Hbnr. are simply biological strains of one species. The oak feeding 
caterpillars, although showing a strong preference for oak, were found 
to feed on numerous other plants, such as Canadian thistle, various 
species of Crataegus and Pyrus, wild hazel and cultivated filbert, poison 
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oak, and were found to feed on hemlock and Douglas fir, although 
there was a heavy mortality among the larvae when they were confined 
to the latter two hosts. 

Ellopia somniaria Hulst. Records show that the oak looper reaches 
an epidemic stage in the Willamette Valley of Oregon about every 
seventh or eighth year and preys heavily on the native garry oak for 
two or three seasons and then practically disappears. During the 1929- 
1930 epidemic, attempts were made to determine if possible the factors 
responsible for the decline. Frequent field observations and collections 
of the various stages during the life history brought out the following 
facts : 

Eggs: The winter is passed in the egg state. Eggs are deposited very 
largely singly on the moss ( PI. 42, fig. 1), or bark or in crevices and are 
difficult to gather in numbers sufficient to determine if they are materi- 
ally affected by natural enemies, however no enemy, either parasite or 
predator was found and as far as could be determined the hatch is very 
high under normal Willamette Valley conditions. Eggs begin to hatch in 
April. 

Caterpillars: The small caterpillars ( P1.42, fig.2) are abundant by May 
and begin to mature in July. It is during this period that the greatest 
mortality occurs. Birds were quite common in the oak groves and al- 
though several species were noted to feed on insects, in no instance was 
any species seen to molest the caterpillars. Oak trees in chicken yards 
were heavily infested and caterpillars were constantly dropping from 
the trees and crawling about, but the poultry refused to eat them. As the 
caterpillars began to reach maturity in early August, large collections 
were made at intervals of a fewdays. These werecaged to obtain possible 
parasites. A small Tachinid fly (Madremyia saundersi (\Will.)) was 
found to be quite uniformly distributed and parasitized the caterpillar 
to an extent of about three per cent. 

A pentatomid (Apateticus corocatus (Uhl.)) was present in small 
numbers and destroyed some caterpillars but its numbers were so few 
as to be negligible. 

By early August the oak foliage was so badly eaten ( Pl. 43, fig. 1) and 
dried that it no longer furnished food for the caterpillars and a migration 
started. They descended the trees, either by dropping, crawling down or 
lowering themselves on silken threads. Once on the ground, the cater- 
pillars moved away and ascended the first object with which they came 
in contact, whether it was a tree, bush, stump or fence post. Many 
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ascended the same tree they had left a short time before. The majority 
were apparently not yet mature and unless they found food would die, 
being unable to pupate. 

In plots studied the mortality was estimated at fully 75%. Fence 
posts, stumps and similar objects were overrun (PI. 43, fig. 2) and after 
ascending an object, apparently no attempt was made to descend in fur- 
ther search of food. 

Pupation began about August 20, although a few straggling larvae 
were still in evidence as late as September 15. 

To ascertain the extent of mortality in the pupal stage, four lots of 
100 pupa were gathered and care used to get both those exposed on 
various objects and alsa those hidden in crevices of the bark and under 
the moss. 

The four lots of 100 each were caged and the results of the rearings 


are given below. 


TABLE 1. PupAE GATHERED SEPTEMBER 15, 16 AND 20, 1930 


No. Adults 
Lot of pupa emerged Died Parasitized 
No. 1 aed 100 62 25 
No. : ae ied seats é 100 54 29 
No. ¢ anlt 100 61 19 
No. : ; 100 54 35 


Totals. .... 2 oe 400 231 108 
4 or 
ad 


Percentage. . “ - 100 57.75 


This table shows a parasitism of 15.25%, or if the dead are disre- 
garded, we have a parasitism of 20.89%. 

The pupal stage lasts from 21 to 27 days and the gathering of pupa 
for caging no doubt reduces the percentage of parasitism. Some of the 
parasites apparently complete their development in twe weeks and would 
doubtless parasitize the later developing pupa. 

Adults began to appear in the field in 1930 on September 11. These 
early emerging specimens were practically all males. Females did not 
start emerging in any number until the last few days of September. 
The greatest factor in the natural control of the adults is weather con- 
ditions. September and October are usually accompanied by heavy fogs 


or cold rains and the heavy bodied, delicate females are beaten down 


and destroyed. 
The literature on the various species of Ellopia mentions only three 


species of hymenopterous parasites. 
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Ephialtes ellopiae (Harrington), is a parasite found in -British Co- 
lumbia. 

Amblyteles velox Cres., is reported from the hemlock looper in On- 
tario. 

Campolegidea ellopiae Wal., was described from specimens which 
were parasitic in E. fiscellaria in Ontario. 

In addition to the hymenopterous parasites Houser (J. Ec. Ent. 
20 :299) reports that an epidemic of F. athasaria in Ohio was wiped 
out by the fungus Sporotrichum globuliferum. 

The Hymenopterous parasites’ reared in Oregon were: 

1. The common Chalcid (Brachymera ovata Say.) 

This well known species is widely distributed in the United States 
and has many hosts. It was the most numerous species noted and has 
a shorter life cycle than the Icheneumon flies. In the field it would ap- 
pear feasible for it to emerge from a pupa in ample time to parasitize 
another specimen of the same brood. 

Amblyteles cestus (Cress.), a dark red species was the most numerous 
ichneumon fly found attacking. It is also reported as a parasite of the 
moth in B. C. 

Ephialtes sanguinipes Cress. A few specimens were obtained from 
the pupa but it was not common. It has many other caterpillar hosts. 

E. (ltoplectis) obesus (Cush.). This species is reported from the 
spruce bud worm in Canada. It was rare in Oregon, being responsible 
for one-half of one per cent of the parasitism obtained in 1930. 

Dibrachys boucheanus (Ratz.). This tiny Pteromalid was found to be 
a primary parasite of the oak looper pupa although it is known as a 
hyperparasite in many cases. Many individuals emerge from a single 
pupa. 

LITERATURE CITED 

. Barnes, W. and McDunnovuGa, Jr. 1917. Check List of Lepidoptera of Boreal 
America, p. 120. 

. Burke, H. E, and Hersert, F. B. 1920. California Oak Worm. U. S. D. A. 
Farm. Bul. 1076. 3. 

. CrystaL, R. N. 1916. Forest Insect Investigations in Stanley Park, Vancouver, 
B.C. Agr. Gaz. Can., Vol. 3, 797. 

. —— Aug. 1916. Forest Insect Problem in Stanley Park. Proc. Ent. Soc. B. 


C., No, 9, 65. 


. Exvvior, F. A. 1924. Insect Enemies (notes). Oregon State For. Rept. No. 14, 


44. 


. Fretcuer, J. 1891. Vancouver Island Oak Looper. Rept. Exp. Farms Can. 


For. 1890. 175. 
*Determined by Dr.£C. F. Muesebeck. 





rir sl et OlrhSehUrhrhhUCtrHC<C KHhUCr!C KM! hlCOM 


October, '31] PRATT ET AL: FUMIGATION PROBLEMS: PROTECTIVE STUPEFACTION 1041 


. Fracxer, S. B. and Granovsky, A. A. 1928. Airplane Dusting to Control 
Hemlock Span-worm (E. fiscellaria). Jour. of For. Vol. 26 (1): 12-33. 
1926. Hemlocks Attacked by a Little-known Geometrid. J. Ec. Ent. 
18, 837. 
’ 1927. Ellopia fiscellaria Guenee. Wis. Dept. Ag. Bul. 82, 74-77. 
. Hewitt, C.Gorpon. 1915. Oak Looper. Can. Ent. Rept. for 1914-15, p. 30-32. 
1920. Dept. of Ag., Rept. Dom. Can. Ent. and Zool. Rept. for 1917-18, 
10. 
. Houser, J.S. A Looper Attacking Hemlock (E. athasaria). J. Ec. Ent., 20. 
3. HusNer, JAcos. 1818. Ellopia fervidaria (Orig. Desc.) Zutr. exot. Schmett, f. 
409. 
. Hurst, Geo. D. 1886. Ellopia somniaria (Orig. Desc.) Ent. Amer. 1, 208. 
1886. E. pellacidaria. Ent. Amer. 2, 51. 
1886. E. fiscellaria. Ent. Amer. 2, 50. 
. — 1887. Food Plants of Geometridae with Other Notes. Ent. Amer. 3, 
47-48. 
ir 1896. A Classification of the Geometrina of North America, with De- 
scriptions of New Genera and Species. Trans. Amer. Ent. Soc., 23, 245. 
. JAENICKE, A. J. 1929. History of the West. Hemlock Looper. 4-L Lumb. News, 
v. ll, No. 17, 20. 
. Packarp, A. S. 1890. Insects Injurious to Shade and Forest Trees. 5th Rept. 
U. S. Ent. Comm. 186. 
. Pettit, R. H. 1926. Ellopia fiscellaria Guenee. Mich. Sta. Bd. Ag. R. 65, 261. 
—— 1926. Ellopia fiscellaria Guenee. Mich. Ent. R. 1-5. 
23. Ritey, C. V. 1891. Noteson E. somniaria. Insect Life. 3, 360. 
. Swaine, J. M. 1928. Ellopia fiscellaria Guenee. Can. Dept. Agr. Pam. 97, 13. 
25. ———— Fighting Insect Pests from the Air. Canada. Vol. 96, No. 1257, 203. 
. Watiey, G. E. 1929. A New Campoplegidea Parasite on Ellopia fiscellaria. 
Can. Ent., 61, 22. 


A STUDY OF FUMIGATION PROBLEMS: “PROTECTIVE 
STUPEFACTION”, ITS APPLICATION AND LIMITATIONS 


By F. S. Pratt, A. F. Swarn and D. N. E_prep, The Pacific R & H Chemical 
Corporation, El Monte, California 


ABSTRACT 


In connection with the fumigation of citrus trees with hydrocyanic acid for the 
control of scale insect pests, it is shown that certain of these scale insects when first 
exposed to sublethal concentrations of HCN become stupefied and consequently 
more resistant to the action of HCN than do scale insects not so stupefied. Extensive 
experiments show that an exposure of more than one minute, but less than three 
minutes, to such sublethal concentrations is necessary, however, to cause this in- 
creased resistance. Studies of the concentration and distribution of HCN under 
fumigation tents show that under summer night fumigation conditions uniform dis- 
tribution of HCN is accomplished in a short enough period of time to prevent any 
protection by stupefaction when HCN is applied either with an atomizer or vaporizer, 
but that under winter daylight conditions, the atomizing pump does not produce 
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sufficiently rapid distribution of HCN to prevent this phenomenon. At any time 
when the temperature of the ground under the tent is lower than the temperature 
of the air above and consequently no convection currents are present, it is necessary 
to use the vaporizer to obtain quick and uniform distribution of HCN. 

Studies of some of the factors involved in the art of fumigation of 
citrus trees in California with liquid hydrocyanic acid were undertaken 
at an early date by the staff of the Pacific R & H Chemical Corporation. 
The results of these early investigations were presented before the 
directors of the California Fruit Growers Exchange June 23, 1920 by 
Dr. M. J. Brown.’ At the time when these studies were commenced 
little was known concerning gas concentrations under tented trees, since 
most of the early pioneer work on fumigation had been carried on from 
the entomological viewpoint by government and state entomologists. 

With the commercial production of liquid hydrocyanic acid and its 
application to citrus tree fumigation, new problems became involved. 
From the manufacturers’ standpoint these problems were largely chemi- 
cal and mechanical, dealing in particular with standardizing the quality 
of the material and in developing equipment for its application. Studies 
were outlined, therefore, tu deal with these specific points and this work 
continued over a period of several years. 

The results of the investigations conducted in 1919 and 1920 very 
clearly showed that in the use of liquid HCN as a source of gaseous 
HCN under a tent, two problems were involved. The first was that of 
correct measurement of the liquid, and the second that of securing con- 
version of the liquid into a uniformly distributed gas or vapor under the 
tent. The proper solution of these problems involved the design and 
construction of appliances which would fulfill these requirements. 

It is evident to those familiar with fumigation practices in California 
that the task outlined has been satisfactorily accomplished. Suitable ap- 
pliances involving different principles of application were built and are 
still in commercial use. One type of appliance atomizes the liquid into 
the tented enclosure as a fine mist, while the other type converts the 
liquid into a warm gas prior to its introduction under the tent. 

A study of fumigation practices and of gas concentrations under 
tents very clearly showed the limitations of the atomizing principle of 
application. These limitations, together with other facts, were pointed 
out in the aforementioned address. Intensive work was undertaken to 


1Dr. M. J. Brown. Address before the directors of the California Fruit Growers 
Exchange and Fruit Growers Supply Co., Los Angeles, California, June 23, 1920. 
Unpublished manuscript. 
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design an appliance which would convert the liquid into a warm gas 
and direct it under the tent through a suitably designed distributing 
nozzle. Development work led to the construction of an appliance known 
as a vaporizer,’ a machine which has now been in commercial use since 
1921. 

THEORY OF Hicu INiTIAL CoNCENTRATIONS. In all of the early work 
we had a well defined theory that with a given amount of HCN to be 
applied, it should be introduced and uniformly distributed in the tented 
enclosure in the minimum amount of time. This meant that for the 
most effective results the scale insects must be hit hard and quickly. 
Dr. Brown, in the above mentioned address, brought out these facts 
concisely when he said : 

“These curves are of great significance and as you study them 
you can see the enormous advantage of getting the full value of a 
charge of hydrocyanic acid during the first few minutes after it 
goes under the tent. If complete vaporization and uniform distri- 
bution are not obtained within the first few minutes, then it is very 
probable that certain portions of the tree will not get their critical 
concentration, and therefore leave some live scale.”’ 

This theory of high initial concentrations of HCN gas quickly and 
uniformly distributed throughout the tented enclosure has been sub- 
stantiated by subsequent work in our laboratories, as well as by other 
investigators. In commercial work this theory is reduced to practice 
by applying the dose of HCN as a single charge. Other modifications 
in the methods of applying HCN, such as the “interval’’ method pro- 


posed by a small group of operators, have failed to give any better if as 


good results, when expressed in terms of scale kill. 

In 1929 Gray & Kirkpatrick’ of the Owl Fumigating Corporation 
published their work on “Protective Stupefaction” in which it was 
shown that scale insects, particularly black scale [Saissetia oleae (Ber- 
nard)] and red scale [Chrysomphalus aurantii (Maskell)] infesting 
citrus in Southern California are readily stupefied by short exposures 
to sublethal concentrations of HCN. It was also shown that scale thus 
stupefied are more resistant to HCN, and hence more difficult to kill 
than scale that have not been subjected to sublethal concentrations. 
These investigators found that stupefaction of scale insects might occur 

2U. S. P. 1,336,822. Apparatus for Gasifying Liquids, April 13, 1920. 

‘Gray, G. P. and Kirkpatrick, A. F. Resistant Scale Investigations, Calif. Citro- 


graph, Vol. XIV, Nos. 8 and 9, 1929. The Protective Stupefaction of Certain Scale 
Insects by Hydrocyanic Acid Vapor. Jour. Econ. Ent. Vol. XXII, No. 6, 1929. 
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by (1) slow distribution of the gas under the tent or by (2) gas leaking 
from the tents on the trees and drifting to the trees next to be treated. 
To overcome the first cause for stupefaction they advocated the use of 
an appliance which would quickly and uniformly distribute lethal con- 
centrations of gas under the tent. The second cause might be overcome, 
they said, by pulling the tents in a direction through the orchard against 
the air drift. 

Since the theory of “Protective Stupefaction” as developed by these 
investigations substantiated and fitted into the general theory on which 
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all our previous work, even as far back as 1919 and 1920, had been 

based, it seemed quite in order for us to review the work of Gray & 

Kirkpatrick with the objects in mind of (1) verifying the theory; (2) 

indicating the possible limitation; and (3) applying the theory to the 

practical aspects of fumigation. 

We felt further privileged to do this from the fact that throughout 
all this period we had been following another line of investigation 
which had to do with preventing scale from voluntarily making itself 
resistant to HCN gas. 

The purpose of this report is therefore to record the results of our 
investigation of the theory of “Protective Stupefaction” as applied to 
the control of scale insects infesting citrus trees. 
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Rather than attempt to duplicate the methods of Gray & Kirkpatrick, 
i.e. visible observations of individual scale insects, it was deemed ad- 
visable to use quantitative methods, believing that results obtained from 
the use of large numbers of scale under conditions as near as possible 
to normal would give reliable data. In the data presented over 930 
separate experiments with more than 340,000 individual scale are in- 
cluded. In the case of black scale there were an additional 163 experi- 
ments, using approximately 45,000 scale, made before sufficient per- 
fection in technique was developed to warrant the assumption that the 
results obtained were reliable. 

TECHNIQUE. In all the laboratory experiments two fumatoria were 
used, the smaller (178 liter capacity) for the preliminary treatments 
and the larger (341 liter capacity) for the final treatments, ( Plate 44a). 
Liquid HCN was introduced through a tube in the top of the fuma- 
torium and either atomized by means of a hand bulb or vaporized by 
passing the tube through a jacket containing hot oil. A small electric fan 
in the fumatorium operating for two or more minutes after the intro- 
duction of the HCN assured uniform distribution of the gas. Tempera- 
tures were maintained between 65° and 75° Fahrenheit. If the day 
happened to be particularly cold the temperature of the fumatorium 
was rapidly raised to the desired point and maintained there by means 
of a battery of electric lights installed in the fumatorium. 

The scale infested material was placed in the smaller fumatorium 
after the desired concentration of HCN was obtained. Following the 
required exposure the material was removed and placed immediately 
in the larger fumatorium where the desired concentration was ready. 
In each case scale infested material which had not received the pre- 
liminary treatment was placed in the larger fumatorium at the same 
time as the material which had received the preliminary treatment. 

In these tests the preliminary treatments consisted of 1, 3 or 10 minute 


exposures to concentrations varying from 0.005% to 0.100% HCN, 
(0.06-1.20 mg. per liter of air) and the final treatment of 10 to 60 


‘Throughout this paper the term ““% HCN” refers to the weight of HCN in the 
air at 15°C. 

‘In commercial fumigation practice the 18cc per unit is considered as the “100%” 
schedule. This is a term carried over from the days when the “pot” or ““cyanofumer” 
method using solid sodium cyanide was employed: Eighteen cubic centimeters of 
liquid HCN is supposedly, in practice, equivalent to one ounce of 96-98% NaCN 
and will give, in a tented enclosure, an average mean concentration per 100 cubic 
feet of approximately 0.10% HCN by weight, over a 40 minute period. 
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minute exposures to concentration of 0.10% to 0.30% HCN (1.2-3.6 
mg. per liter of air).* In certain series of tests the final treatment con- 
sisted of a 40 minute exposure to a concentration of HCN starting at 
0.24%, (2.94 mg. per liter of air) and decreasing for 40 minutes in 
such a manner as to duplicate the tent leakage that occurs in the field.’ 
(Fig. 66 shows the concentration curves obtained in the fumatorium and 
a standard tent concentration curve). 

This decreasing concentration was obtained by replacing the air-HCN 
mixture in the fumatorium at a regulated rate. A small laboratory air 
compressor (Vernon rotary compressor) operated at 1400 R.P.M. by a 
% H.P. electric motor was connected to the fumatorium in such a 
manner as to draw the air-HCN mixture from the bottom of the fuma- 
torium and expel it to the outside of the building, while air was allowed 
to enter the fumatorium through an opening in the top. A regulating 
valve on the suction line was used to reduce the capacity of the pump 
to the desired rate, while a mercury flow meter placed in the suction 
line indicated the rate of flow. Since the concentration was reduced 
approximately one-half every 10 minutes, 170 liters of air-HCN mixture 
were drawn out every 10 minutes, or at the rate of 17 liters per minute. 
A circulating fan in the fumatorium assured a uniform mixture of HCN 
and air throughout the period of the exposure. 

In all tests HCN concentrations were determined at regular intervals 
by one liter aspirations, the air-HCN mixture being absorbed in a 2% 
sodium carbonate solution and determinations made by the starch-iodine 
titration method. This method of determining small percentages of HCN 
in the air was evolved in this laboratory and has been successfully used 
in both laboratory and field work since 1919. It was found in the case 
of the uniform concentrations that seldom was there more than a 5% loss 
during the period of exposure, (from 0.100% to 0.095% HCN). The 
concentration curves from the use of the rotary compressor were ex- 
ceedingly uniform. 

HANDLING OF MATERIAL. The black scale used in this project was 
of the “resistant” strain, obtained from groves in Covina, Charter Oak 
and Glendora. The red scale was of both normal and resistant strains, 
obtained from the Glendora, North Whittier Heights and Orchardale 
districts. 

In the case of black scale [Saissetia oleae (Barnard) | heavily infested 
branches were gathered early in the morning of each day when experi- 
ments were to be made and brought into the laboratory in perfectly 
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fresh condition. Cuttings consisting of three or four leaves on a twig 
from 4 to 6 inches long were taken from these branches (Plate 45a). 
These cuttings were planted in sand in flower pots, when they were 
ready for exposure to HCN. Immediately following the treatment, they 
were placed in cold-frames in a lath house, the pots being buried in 
wet sand. Every day they were well watered and at all times kept covered 
with glass. In this way an atmosphere almost saturated with moisture was 
maintained. It was found that these cuttings could be kept for several 
days in perfect condition by this method, and that the scale were not 
affected thereby. This was proven by the condition of the scale on the 
untreated cuttings where the mortality and general appearance of the 
scale were similar to those observed in the orchards. This is a method 
inaugurated and perfected in this laboratory and so far as is known to 
the writers, has not been used by other investigators for similar pur- 
poses.” One of the three cuttings which were to represent the final treat- 
ment only, was run with the final of each test where a preliminary low 
concentration was used. Since there were three different preliminary 
concentrations in each series, followed by the same final treatment, this 
procedure resulted in three cuttings receiving each preliminary treat- 
ment plus the final treatment, and three cuttings receiving the final 
treatment only. 

In the case of red scale [Chrysomphalus auranti (Maskell) ] enough 
heavily infested lemons were gathered from the orchard to last two 
days. These were strung individually on threads and separately tagged. 
As only 1 and 3 minute preliminary exposures were made in the red 


scale experiments, three lemons were placed in the small fumatorium 


when the desired concentration was ready. After two minutes exposure 
three more were placed therein and one minute later all six removed. 
In this manner three received a 3 minute exposure and three a 1 minute 
exposure. Immediately following removal from the small fumatorium 
these six lemons, together with one more which had received no pre- 
liminary exposure, were placed in the larger fumatorium and given the 
final treatment. Following treatment the lemons were hung separately 
on an out-of-doors rack, (Plate 45b) so constructed as to prevent their 
being exposed to the direct sunlight. ° 

In the case of citricola scale [Coccus pseudomagnoliarum (Kuwana) ] 


*This is the method used by Dr. F. A. Halma of the Plant Physiology Department 
of the University of California Citrus Experiment Station for the purpose of rooting 
cuttings. 
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infested branches were gathered from groves in Riverside where the 
resistant strain was known to occur. They were handled in the same 
manner as in the case of the black scale. 

INSPECTIONS. Seven or fourteen days after treatment results were 
determined through scale counts. Fourteen days was the standard time 
chosen, except for black and citricola scale during the hotter summer 
months, when it was found that a period of seven days was all that 
the cuttings could survive in such condition as not to affect the mor- 
tality of the scale. During the cool weather of fall, winter and spring, 
a fourteen day period between treatment and inspection was found to be 
quite satisfactory. The scale on each cutting or fruit were examined 
through a binocular microscope and a record made of the number of 
dead and alive. Inasmuch as three cuttings or fruit were used in each 
test, three inspectors made the scale counts, each one examining one 
sample from each test. It was found that this procedure gave more re- 
liable results than when one inspector made the scale counts on all of the 
samples in one test, and another inspector all in another test. There is 
in this type of examination considerable skill and judgment necessary 
in determining the status of some of the individual scale (i.e. whether 
dead or alive), and as there is naturally some differentiation between 
inspectors, it was found that these differences were less significant when 
one cutting or fruit in each test was examined by each inspector. 

CALCULATION OF ReEsuLTts. Each cutting or fruit was considered 
as a unit and the percent of live scale found so calculated. The percent 
of live scale for each test is the average for the percent of live scale on 
the total cuttings or fruit (usually three). The percent of live scale 
was calculated each day for a set of untreated or check cuttings or fruit. 
The percent survivals is the percent of live scale on the treated material 
divided by the percent of live scale on the untreated or check material, 
multiplied by 100. This figure subtracted from 100% represents, there- 
fore, the actual efficiency of the treatment. All results reported here, 
however, are on the basis of percent of surviving scale, for comparisons 
are more readily made and differences more easily observed when this 
relatively low figure is used than when the percent of scale kill (100%- 


% of sutviving scale) is used. 


STUPEFYING OF SCALE INSECTS 


CeLt OpsErVATIONS. To determine the time necessary to stupefy 
scale at various concentrations, individual scale were placed in observa- 
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tion cells (Plate 44b) through which known concentrations of HCN were 
passed. In the case of the resistant black scale (Fig. 67a) these observa- 
tions were made in the middle of August and again in the early part 
of December. It was learned that a concentration of 0.005% HCN 
stupefied all the scale in 10 minutes or less in August (2nd instar scale), 
while in December (3rd instar scale) approximately 25% were not 
stupefied by this concentration in 10 minutes. At 0.10% HCN in both 
cases 20 to 30 seconds exposure was sufficient to cause stupefaction, 
while at 0.050% HCN it required half a minute longer in December 
than in August (1'15"—1'45") and at 0.025% HCN about one minute 
longer (1'45”"—2°45”). 

In the case of resistant citricola scale (Fig 67b) similar observations 
were made in August (2nd instar scale) and November (3rd instar 
scale). There was no appreciable difference in the time required to - 
cause stupefaction at concentrations of 0.025% HCN or more, but at 
0.005% HCN in August 10 minutes was sufficient, while in November 
20 minutes exposure was insufficient. It was on the basis of these cell 
observations that the 10 minute preliminary exposure was employed in 
the experiments reported. 

FUMATORIUM EXPERIMENTS. In all experiments where a uniform 
concentration was used in the final treatment, the concentration of the 
preliminary treatments were 0.005%, 0.025% and 0.050% HCN respec- 
tively, except as follows: In the case of resistant citricola scale a fourth 
preliminary concentration of 0.010% HCN was added. In the case of red 
scale, when there was a lag of 30 minutes between the preliminary and 
final treatments, the concentrations employed for the preliminary treat- 
ment were 0.005%, 0.015% and 0.025% HCN. 

Citricola Scale: Fourteen series, totaling 61 experiments with 27,893 
citricola scale, were run in which the preliminary exposure was for 10 
minutes and final treatment consisted of a 40 minute exposure to 0.15% 
HCN. The scale used in these tests was a strain found to be many 
times more resistant to HCN than the resistant black scale. Although 
the concentration used was the limit of tree tolerance, the percent of 
surviving scale (Table 1) was so high (approximately 50%) and the 


consequent variation in scale counts so great that no evidence of pro- 


tection from stupefaction was found. 
Black Scale: Five groups, totaling 445 experiments with 157,974 
black scale, were made with a preliminary exposure of 10 minutes. The 


five groups were as follows: 
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(1) 10 Minute final exposure to 0.10%, 0.20% and 0.30% HCN. 
(2) 2 “ . * “ 0.10% and 0.20% HCN. 

(3) @ ™ - " “ 0.10% and 0.15% HCN. 

(4) 40 “ . - “ 0.10% HCN. 

(5) 60 “ "1 ie “ 1.10% HCN. 


In all these groups of experiments, except the first, there was definite 
evidence of “Protective Stupefaction” (Table 1 and Fig 68a). It is 
evident that a 10 minute exposure to a relatively low concentration of 
HCN prior to exposure to higher concentrations resulted in a lessening 
of the present scale kill over comparative tests where no preliminary 
exposures were made. This “Protective Stupefaction” was most marked 
following preliminary exposures to 0.005% and 0.025% HCN and 
where, within limits, the “exposure times concentration product” of the 
final treatment was greatest. In general where the preliminary concen- 
tration was 0.050% HCN there was no increase in the percent of sur- 
viving scale over no preliminary treatment. 

Having.checked the theory of “Protective Stupefaction” insofar as 
a 10 minute preliminary exposure was concerned, it was deemed ad- 
visable to test it with shorter exposures. Both a three minute and a one 
minute preliminary period were chosen on the basis of the distribution 
rate of HCN gas under a tent, as discussed later. 

Three groups totaling 118 experiments with 26,717 black scale, using 
a preliminary exposure of 3 minutes (Table 1, Fig. 68b) were made as 
follows: 

(1) 20 minute final exposure to 0.10% and 0.20% HCN. 

+ Bi - = “ 0.10% and 0.15% HCN. 

(3) 40 “ ” : “ 0.10% HCN. 


™x ; . : 
_ x 100 =s; where x = % alive on treated material, y = % alive on check ands=% 


survivals. 100% —( = x 100) =k, where k = % scale killed. 


There was a distinctly higher percentage of surviving scale in all 
cases following the preliminary treatments than where there was no 
preliminary treatment (Table 1, Fig. 68b). In this case the peak of 
protection apparently was nearer 0.025% than 0.005% HCN for the 
preliminary exposure. While there was less scale survival following 
0.050% HCN preliminary treatment than following 0.025% HCN, it 
is evident that some protection was afforded by this concentration when 
exposed for only three minutes. As in the case of the 10 minute pre- 
liminary treatment, the protection was, within limits, most marked when 
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the “exposure times concentration product” of the final treatment was 
the greatest. 

Three groups, similar to those just noted, totaling 120 experiments 
with 35,788 black scale, using a one minute preliminary exposure, were 
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Fic. 68.—Black Scale ‘Protective Stupefaction” Representing % of surviving 


scale following various preliminary and final exposures to given concentrations 
of HCN in fumatorium. 


made. There was no evidence of stupefaction shown (Table 1, Fig. 68c). 
There were naturally variations in the comparative results between dif- 
ferent series, but such variations were always within the limits of the 
probable error of sampling. Consequently under the conditions of these 
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Hand drawn vaporizer showing distributing nozzle. In commercial 


use, season 1920-21 : 
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tests the logical conclusion is that a one minute exposure to 0.005%, 
0.025% and 0.050% HCN is not sufficient to cause any stupefying effect. 

To more nearly duplicate field conditions, six series of tests were 
made where the final treatment consisted of a 40 minute exposure to a 
concentration of HCN starting at 0.24% and decreasing at a specified 
rate, as described above. There were 42 experiments with 11,890 black 
scale in these series, where the preliminary treatment consisted of one 
and three minute exposures to 0.025%, 0.050% and 0.100% HCN 
(Table 1, Fig. 68b and 68c). The preliminary exposure of 3 minutes to 


10 Minute 
3 Minute / Minute Preliminary Exposure 
Preliminary Exposure Preliminary Exposure with JO Minute 
Interval Bevrore 
Final Exposure 


45 


% Scale Surviva/ 





18 E SEEE 
CONC. QIOXZHN O242HN OW0ZHN OC4iHN 064% 
EXR 30min decreasing W0imin. decreasing decreasing 
40 min 40 min. 40 min. 
FINAL TREATMENT 
Fic. 69.—Red Scale “Protective Stupefaction” Representing % surviving scale 
following various preliminary and final exposures to given concentrations of 
HCN in fumatorium. 


0.025% and 0.050% HCN resulted in quite distinct protection from 
stupefaction, but where the concentration was 0.100% for 3 minutes 
such protection was not evident. The experiments where the prelimi- 
nary exposure to these same concentrations was but one minute gave no 
evidence of “Protective Stupefaction.” 

Red Scale: Having determined the limits of “Protective Stupefac- 
tion” as applied to the resistant black scale, several series of experiments 
were made using red scale on lemons. In one group of 96 experiments 
with 42,519 red scale, a 30 minute exposure to 0.10% HCN preceded 
by 1 and 3 minute exposures to 0.005%, 0.025% and 0.050% HCN was 
made (Table 1, Fig. 69). Following a 3 minute preliminary exposure 
it was evident that some protection from stupefaction occurred, although 
it was not so distinct as in the case of black scale in similar tests. The 


difference in percent scale survivals between a 1 minute and no pre- 
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liminary treatment was slightly more than in the case of black scale. 
The fact that on fruit infested with red scale, all stages of scale are 
found and that the percentages of the different stages vary considerably 
between individual fruits, it is essential that any differences in 
results between different treatments be quite marked in order that 
reliance can be placed on results observed. The variation is much 
greater than in the case of black scale, so differences must be greater. 

A second group of 80 experiments with 38,729 red scale was made 
using a final exposure of 40 minutes to a concentration decreasing from 
0.24% HCN, and preliminary exposures of 1 and 3 minutes to 0.025%, 
0.050% and 0.100% HCN. Here the results were much more distinct 
and showed no protection from stupefaction following a one minute 
preliminary exposure, but quite distinct stupefaction following a three 
minute exposure to 0.025% and 0.050% HCN. 

A further group of 12 experiments with 17,456 red scale was made 
where there was a lag of 30 minutes between the preliminary and 
final exposures. The purpose of this series of experiments was to de- 
termine whether or not “drift gas” could result in protective stupefac- 
tion. It happens occasionally that an appreciable concentration of HCN 
occurs in the row of trees adjoining those being fumigated, particularly 
the first few minutes following the introduction of HCN under the 
tents. This soon dissipates, however, so that there is a period of 20 to 
40 minutes before the trees are covered in which there is no HCN 
present. The infested lemons were exposed for 10 minutes to concen- 
trations of 0.005%, 0.015% and 0.025% HCN and then placed in the 
open air for 30 minutes before the final treatment. The final treatment 
consisted of a 40 minute exposure to a concentration decreasing from 
0.24% HCN. The results were closely correlated to those found with 
black scale that were exposed to a 10 minute preliminary exposure, viz. 
distinct protection from stupefaction, with the peak of the protection 
following a 0.005% HCN concentration. 

From this mass of data the logical conclusion is that protection from 
stupefaction is a fact in the case of both black and red scale when 
exposed to lethal concentrations of HCN following 10 or 3 minute ex- 
posures to sublethal concentrations, but not so following exposures of 
only one minute to sublethal concentrations. 
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APPLYING THE THEORY TO PRACTICAL PHASES OF FUMIGATION 


Since it is possible to stupefy scale insects with non-lethal concentra- 
tions of HCN, as shown by this work and that of Gray and co- 
workers, the question arose as to the concentration existing under a tent 
during the first few minutes of exposure. This led us to review much 
of our earlier, but unpublished, experimental work on gas concentrations 
under tents, with particular attention being given to the first 5 minute 
period of exposure. In practically all cases when the vaporizer equipped 
with a distributing nozzle was used, the concentration of HCN in the 
first few minutes was well above the concentrations required to produce 
stupefaction. 

As a result of the work carried on in 1919 and 1920 by this organiza- 
tion it was shown that the distribution of HCN gas under tented en- 
closures was brought about by any one or a combination of three meth- 
ods, namely, by diffusion, by directional propulsion and by convection 
currents. Contrary to the general belief the diffusion of HCN in stag- 
nant air is extremely slow, hence in order to obtain quick and uniform 
distribution of HCN advantage must be taken of the other two methods, 
directional propulsion and convection currents. 

In the atomizing principle of application, the operator has no control 
over the liquid after it leaves the nozzle, hence the distribution of the 
gas must depend on diffusion and convection currents. To be sure the 
design of the atomizing nozzle and the force applied to the liquid at the 
time of ejection has much to do with the degree of atomization and 
hence the rapidity of evaporation. However it is physically impossible 
to eject the finely atomized liquid any great distance beyond the nozzle. 
In the practical application of this principle, rapid and uniform distri- 


bution of the gas is accomplished whenever there is a definite differential 


in temperature between the ground and the air above the ground and the 


temperatures of both should be above 45 to 50°F. The temperature of 
the ground must be higher than the air immediately above it if convection 
currents are to be set up which wil! cause rapid distribution of the gas 
in an enclosed space. 

In the vaporizer principle of application, advantage is taken of direc- 
tional! propulsion as well as the other two methods for quick and uniform 
distribution of the gas. In fact during the development work on this 
machine in 1920, it was shown’ that distribution of HCN under daylight 


*R & H Report. D. N. Eldred. Experimental Work on Daylight Fumigation with 
the Vaporizer, Sept. 25, 1920. 
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conditions could be accomplished in a satisfactory manner by converting 
the liquid into a warm gas and ejecting it under controlled pressure and 
through a distributing nozzle. (Plate 46 B.) 

This early work on gas concentrations under tented enclosures estab- 
lished by means of the atomizing pump and by the vaporizer showed con- 
clusively the advantages of the latter method of application in obtaining 
quick and uniform distribution of the gas under daylight as well as 
night operations. 

Fretp Tests. With emphasis focused on the initial period of fumi- 
gation by the work on “Protective Stupefaction” field tests were pro- 


A. 
ATOMIZING PUMP 
20cc 





Mean 

Carne. =O423% HCN 

J 0 1 20 59 40 
Minutes Exposure 





Fic. 70—HCN Concentration Curves for summer, night fumigation, showing high 
initial concentration at both top and bottom of tent. 


jected in order to study more critically the present practice of fumigation 
with special reference to the initial period. This work revealed many in- 
teresting facts which may be briefly enumerated as follows: 

1. That summer fumigation with the atomizing pump, when the 
work was carried on after sundown, showed uniform distribution of 
HCN gas within a period of 2 to + minutes and furthermore, the con- 
centrations throughout the tent were above the stupefying concentrations 
in a period of 1, or at most, 2 minutes (Fig. 70a). 

2. That winter daylight work with the atomizing pump gave erratic 
and poor distribution of gas and made for conditions distinctly favor- 
able for “Protective Stupefaction” (Fig. 71). 

3. That winter daylight work and winter work at night with the 
vaporizer produced uniform gas distribution within an initial period of 
2 to 4 minutes and the concentrations were above sublethal doses within 
a period of 1 or 2 minutes, usually less than 1 minute (Figs. 72 and 73). 
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4. That the drift gas in summer and winter at times was within the 
range of sublethal concentrations sufficient to stupefy scale insects on 


the trees adjoining those being fumigated. 
Feb /1,1930 ; 4:40 PM 


Feb. 7/930 ; 5:00 PM 
Valencia Orange 


Valencia Orange ASO; 
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Fic. 71.—HCN Concentration Curves for two individual daylizgt tests, with 
atomized liquid HCN, showing the relatively slow distribution of the HCN 
vapor and the low average mean concentration. 


DaYLIGHT FuMIGATION. During the cooler months of the year it 


has been the practice to do much of the orchard fumigation work in the 
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Fic. 72.—HCN Concentration Curves of parallel tests with atomizing pump and 
vaporizer at different periods, viz. day (an hour before sunset), dusk (at sunset), 
and night (an hour after sunset). 

Navel oranges, Riverside, February-May 1929, 24 cc schedule, average of 13 
units. Each curve is an average of 6 tests. 
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afternoons and sometimes during the early morning hours when the 
temperature ranges below 70°F. Sometimes the results on scale kill have 
been commercially satisfactory and at other times scale kill has been quite 
poor, and often injury to the tree and foliage has resulted. 


TABLE 2. TEMPERATURE RECORDS UNDER TENTED TREES, ORANGE COUNTY, 
Fesruary 1930. Grounp TEMPERATURE WITH MERCURY BULB JUST INTO 
Sor, TENT TEMPERATURES 3 TO 4 FEET From Top oF TREE 


Afternoon Dusk Night 
Ground Tent Ground Tent Ground Tent 
55°P. 61°P. 55°F. 55°F. 60°F. 52°F. 
58° 64° 57° 56° 55° 53° 
55° 56° 5@° 59° 56 54° 
*58° a 55° 52 55° 53° 
58° 57° 56° 52 53° 52° 
57° 63° 56° : 5s 54° 
57° 62° 56° 
*61° yw 66° 
*55° 68° . §8° 
55° 54° 
54° 





63 57 

*In these cases the tents were in place on the trees from 30 to 45 minutes prior to 
fumigation and to the reading of the temperatures. 

Repeated tests on the determination of gas concentrations under fented 
enclosures, both on form tents and in the field, over a period of many 
years have shown almost invariably poor distribution of the gas when 
the liquid was introduced by atomization (Figs. 71, 72 and 73). This has 
been attributed to the difference in temperature in the air between the top 
and bottom of the tented enclosure. The temperature differentials were 
found to be much greater in the form tent work where the equipment 
was continuously exposed than was the case in field work where the 
dosage was applied shortly after the tree was tented. 

Some records have been made of the ground and air temperatures 
under tented trees at different periods of the day and these observations 


are recorded in Table 2. 
In order to bring out the factor of daylight fumigation more clearly, 


the following experiment was projected. A series of tests were per- 
formed in which the atomizing pump and the vaporizer were used simul- 
taneously in the fumigation of adjoining trees. One set of tests was 
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made approximately an hour prior to sunset, another at sunset and a 
third an hour after sunset. These tests were carried out each day over 
a period of several months, i.e. February to April. 

The results, expressed in terms of gas concentration over the interval 
of time of fumigation, are shown in the summarizing curves (Figs. 72 
and 73). 

Briefly the results show quite conclusively the superiority of the vapor- 
izer over the atomizing method for daylight work and in all cases is to 
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Fic. 73.—HCN Concentration Curves of parallel tests with atomizing pump and 
vaporizer at different periods, viz. day (an hour before sunset), dusk (at sunset), 
night (an hour after sunset). Valencia oranges, Orange County, February 1930, 
20 ce schedule, average of 15 units. Each curve is an average of 6 tests. 









be recommended if it is desired to carry on daylight work at any time of 
the year. At sunset, when the temperature of the ground and that of 
the air above are approaching one another, the difference in distribution 
of HCN by the two methods is not so great, but still in favor of the 
vaporizer. After sunset, when the ground temperature is higher than 
the air temperature above, the distribution of gas is almost equally effec- 
tive by either method so long as the temperature of the atmosphere re- 
mains at 50°F. or above. At lower temperatures evaporation of the 
liquid is apt to be slow, resulting in slower distribution with the tendency 
to produce sublethal and stupefying concentrations in portions of the 














tented enclosure. 
Drirt Gas. Observations made on this subject during 1929 showed 






that combinations of conditions may prevail in the field such as tem- 





1062 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 24 


perature and humidity of the atmosphere, size and space of plantings, 
wind currents, etc. to produce, around trees adjoining those being fumi- 
gated, sublethal concentrations of HCN over a sufficient period of time 
to cause stupefaction. 

Some forty odd tests on drift gas were made during the year. The 
tests were made in orchards where the trees averaged 15 to 16 units 
and larger. The equipment for determining the concentration of HCN 
in the air was placed approximately 6 to 8 feet from the tented trees 
in the direction of the air movements. The results of these observa- 
tions may be analyzed as follows: . 

1. In no case during daylight work was there sufficient HCN vapor 
found to cause stupefaction. The highest mean average concentration 
was 0.0025% HCN for 12 minutes. 

2. At or near dusk 40% of the tests produced sublethal concentra- 
tions over a sufficient period to cause stupefaction. The highest mean 
concentration observed was 0.0078% HCN for 25 minutes. The average 
mean concentration in this group was 0.0032% HCN for a 25 minute 


period. 


3. At night 30% of the tests showed sublethal amounts of drift 


gas, the highest having a mean concentration of 0.0077% HCN for 22% 


minutes, and the average mean for the series 0.0024% HCN for 22% 


minutes. 

4. Numerous tests were made on adjoining rows to those being 
fumigated during the winter months, in which no drift gas could be de- 
tected by the methods of measurement employed. 

Most of the tests in which drift gas was detected in sublethal concen- 
trations resulted when a winter schedule of 22cc units was employed. 
The data for summer work are insufficient to draw a definite conclusion 
regarding concentrations of HCN in the drift gas when schedules of 
l4cc to 18cc are employed. Some tests made during August showed 
mean concentrations of 0.0075% and 0.010% HCN in the drift gas 
prevailing over a period of 12 minutes, sufficient to cause stupefaction, 
according to the results of this investigation. 

Errect oN CoMMERCIAL FumicaTIoNn. As yet the data on drift gas 
are too limited to warrant an estimate of its commercial importance. 
However, where feasible the recommendations in regard to pulling 
tents from tree to tree against the air movement should be followed. 

Slow distribution of HCN due to adverse climatic conditions, poor or 
improper methods of application, can be compensated for in part by 
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giving more attention to the proper time for fumigation; to a closer 
study between ground and air temperatures and to the use of the right 
equipment at the time the work is to be carried out. Results show 
conclusively that daylight work with the atomizing pump when the 
ground temperature is lower than the air temperature under the tent, 
cannot be relied upon for efficiency in scale kill because of the slow 
and uncertain distribution of HCN. For daylight work it is recom- 
mended to use the vaporizer when the delivery hose is equipped with a 
suitably designed nozzle. 

Conc.usions. The results of this investigation, together with that 
of Gray & Kirkpatrick, show conclusively the value of building up 
quickly and uniformly within the tented enclosure high concentrations 
of HCN. It confirms the original theory and viewpoint on which our 
early work was based, that the best results from fumigation are to be 
obtained when the scale are hit hard and quickly. 

In the practical application of this theory, quick and uniform distri- 
bution of the gas to all parts of the tented trees can be obtained by 
means of a vaporizer equipped with a suitably designed nozzle. This 


principle of application was developed by this organization in 1920; 


was reduced to practice during the season of 1920-21, and has been in 
continuous use since that time. 

It has also been shown by a study of gas concentrations under tents 
under actual field conditions, that: 

1. Summer work with either the atomizer or vaporizer shows reason- 
ably good distribution of the gas during the initial period of fumigation. 

Conditions during this period are in general shown to be unfavorable 
to “stupefaction.”’ 

2. In general, the vaporizer gives higher initial concentrations and 
more uniform distribution of the gas at all seasons of the year and is 
especially to be recommended for all winter daylight work. 

ACKNOWLEDGMENT. Acknowledgment is due Messrs. Horace C. 
Adams and Don Green for their assistance in the chemical and analytical 
phases of this investigation and to Mr. Curtis Maltman for assistance 


in scale counts. 
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POSSIBLE FUTURE DISTRIBUTION AND ABUNDANCE OF THE 
MEDITERRANEAN FRUIT FLY (CERATITIS CAPITATA 
WIED.) IN THE UNITED STATES 
By H. J. Quayte, University of California Citrus Experiment Station, Riverside, 
California 
ABSTRACT 

An attempt is made to predict where the Mediterranean fruit fly may thrive in the 
United States and how serious it may be as a pest as based upon conditions where the 
fly now occurs. 

The title indicates the “possible” future distribution, etc. The word 
“possible” is used in the title because the distribution of the fruit fly 
in the United States will be possible only insofar as climatic and host 
conditions may be favorable. Already one notable and successful ex- 
ample has occurred where man has interfered with the natural spread 
of this insect in the United States, and this will be repeated in other 
parts of the country should the occasion arise. The writer, therefore, 
prefers not to discuss the probable distribution of the fruit fly in the 
United States, but rather the “possible’’ distribution—possible only if 
man is left out of the predictions. 

The use of vigorous measures and large sums of money for the eradi- 
cation of an insect is justifiable only if the campaign offers reasonable 
hope of success, and that the pest, if it became established, would be a 
serious one and more or less widespread. A recent article in Ecology’ 
gives the areas where the fly would probably pccur in “normal abundance” 
as the southern half of Florida and the southern tip of Texas. The 
other two degrees of infestation, namely “occasional” and “possible” 
abundance, is indicated as covering a very much greater area. This 
area includes all of the southern tier of states, and as far north as Vir- 
ginia and Tennessee on the east, and Oregon on the west. The present 
writer would agree rather closely with the area as given for the last 
two zones of abundance, but he believes it may be misleading to assume 
that the fly would be a pest of consequence only in the southern tips 
of Texas and Florida. 

The Mediterranean fruit fly is responsive to climatic conditions and 
it does lend itself to a climatological study better than do many other 
insects. But another factor of importance, relating particularly to the 
degree of infestation of the fly, is the sequence of hosts. While the 


1Gjullin, C. M. Probable Distribution of the Mediterranean Fruit Fly (Ceratités 
capitata Wied.) in the United States. 
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fruit fly has a long list of hosts, there are really not so many that are 
seriously attacked. To produce a large population, therefore, there 
must be a sequence of favorite hosts. On the island of San Miguel of 
the Azores, the climatic conditions appear to be favorable yet the fly 
is not important there because fruits are not abundant and there are 
scarcely none at all during the winter period. Likewise in some parts 
of Rhodesia, where citrus is the chief crop, the fly is rare probably be- 
cause of the scarcity of summer fruits. 

Of the cultivated fruits, the peach is the outstanding host. Whenever 
this fruit occurs within the optimum climatic range for the fly, it is 
bound to be seriously infested—particularly if there are fruits in the 
locality to carry the fly before and after the peach season. Insofar 
as cultivated host fruits are concerned, there is no more favorable field 
for the fly than in the many parts of California. Where the apricot, 
peach, Valencia orange and navel orange are grown, there are sus- 
ceptible hosts for year-round breeding. All of these fruits are ex- 
tensively grown in southern California and, if the monthly mean tem- 
peratures of Los Angeles may be taken as a standard for this area, the 
winter temperatures here are very little lower than those of Cairo, 
Egypt, where the fly is more or less active throughout the year. 

The great peach sections of California are in the central and northern 
parts of the state and, while the monthly mean winter temperatures 
there are somewhat lower than those of Valencia, Spain, they are not 
enough lower, in the writer’s opinion, to prevent the fly from being a seri- 
ous pest on peaches. Peaches are severely infested about Valencia as well 
as at Onteniente about 50 miles inland where, although climato- 
logical data are not available for that paticular point, the winter 
temperatures must be about as low as in the peach sections referred to 
in California. The writer would, therefore, predict that the fruit fly 
would be a serious pest on oranges, particularly the summer-maturing 
Valencia variety, in southern California, and only to a somewhat less ex- 
tent on oranges in central and northern California, and that peaches 
would be seriously infested throughout all of these areas. 

The following table gives the mean monthly temperatures for the 
three winter months (December, January, and February). The abund- 
ance of the fly is governed largely by the winter temperatures insofar 
as climatological factors are concerned. 

The mean monthly winter temperatures for Valencia, Spain, are 
given at the top of the table. The writer has followed the seasonal 
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abundance of the fly at that point throughout the year. The fly is a 
pest there in peaches, citrus, and other fruits. It is active in that locality 
from June 1 to January 1. That season is long enough to enable the 
fly to build up a considerable population if there is a sequence of 
favorite hosts. 


MEAN MONTHLY WINTER TEMPERATURES 
December January February 

Valencia, Spain 50.6 48.4 51.2 

Charleston, South Carolina 51.7 52.4 
Macon, Georgia........... 47.5 : 
Mobile, Alabama 52.2 
Vicksburg, Mississippi 49.8 
New Orleans, Louisiana... .. 55.6 
Phoenix, Arizona....... 52.0 
Riverside, California ; 52.8 
Los Angeles, California vs shined Ge « &:s seiched 55.3 
Fresno, California. . .. a Veber ebb Res < 46.4 
Oroville, California vile 45.9 
San Jose, California............. i 47.9 
Cairo Egypt 59.2 


Starting with Charleston, South Carolina, on the east coast, and fol- 
lowing along the southern border and up the west coast to San Jose, 
California, as indicated by the localities in the table, it will be seen that 
the winter temperatures compare fairly closely with those of Valencia, 
Spain. It will be noted that several of the points given are somewhat 
north of our southern border, and Fresno and Oroville in California are 
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interior points. 

Where suitable hosts occur, therefore, it would be expected that in 
much of the area represented by the above localities, the Mediterranean 
fruit fly would be as serious a pest as it is now at Valencia, Spain, and 
that in parts of the same area it would be a more serious pest. 


MORTALITY OF THE GRAY CITRUS SCALE FROM 
SULFUR DUSTS 


By E. A. McGrecor, U. S. Department of Agriculture 


ABSTRACT 

This paper briefly summarizes the data from orchard studies covering a period of 
three years on the insecticidal action of finely divided sulfurs against the gray citrus 
scale. When properly timed so as to act against the young crawlers, a program of 
three dustings has given marked mortality in the hot inland San Joaquin Valley. 

Sprays containing sulfur in solution have been known to be effective 
against various scale insects for many years. It was the polysulphides 
in solution in these sprays that accounted for the insect mortality. In 
the writer’s studies of the citrus thrips it was determined at an early 
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date that the prolonged or hold-over effect on the thrips, following the 
complete drying of the lime-sulfur spray, came chiefly from the residue 
of precipitated sulfur left on the foliage. This free sulfur arises from 
the conversion of the soluble molecular sulfur in lime-sulfur to the solid 
state, probably largely from oxidation, according to Tucker (in corre- 
spondence). In many tests this free sulfur, in very finely divided form, 
continued to give protection against thrips for from one to four weeks 
following the drying of the lime-sulfur spray. A similar hold-over 
effect has also been observed in the case of the gray citrus scale. 

It is not altogether surprising, then, that we are finding that the 
finely ground sulfur dusts in use on citrus in central California are 
resulting in very noticeable mortalities of these same insects. Attention 
was first paid, in the present investigation, to the insecticidal value 
of the sulfur dusts against the citrus thrips, and by this time most 
observers are rather well agreed that of all the methods in use a program 
of three spring dustings is giving the highest protection to the citrus 
crops against thrips. It was not until a little later that the insecticidal 
action of these finely divided sulfur dusts against the gray or citricola 
scale was detected and recorded. 

The insecticidal action of elemental sulfur against sucking insects 
was first studied in 1916-1918 in the Imperial Valley, the tarnished 
plant bug on cotton being the subject (McGregor, 2). In 1928 McGre- 
gor (3) reported control of the citrus thrips and a noticeable mortality 
of the gray citrus scale following applications of finely divided sulfurs. 
Later de Ong (7) also called attention to the insecticidal action of gas- 
purification and other finely divided sulfurs against the citrus thrips 
and the gray citrus scale. Other reports followed by McGregor (4, 5) 
wherein the action of the sulfur dusts against the gray scale was further 
noted. We have had a period now of about three years during which we 
have been able to study the effectiveness of finely divided sulfur as a 
scalecide. Table 1 summarizes our data on this subject. 

In Table 1 it will be noted that the mortality of scale following 
three dustings is not materially greater than that following two dustings, 
for a given type of sulfur. This probably arises from the fact that, in the 
case of orchards receiving three dustings, the initial application in most 
cases goes on the trees before the young scales begin to hatch (being 
necessary as part of the thrips control program). Since the mortality 
of the gray scale results largely from the sulfur dust acting against the 
newly hatched scale, it follows that dustings applied before hatching do 
not contribute greatly toward mortality, especially if there is consider- 
able removal of sulfur from the foliage prior to hatching, through the 
agency of rain and wind. 
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TABLE 1. MoORTALITIES OF THE GrAy CITRUS SCALE OBSERVED IN 51 EXPERIMENTAL 
PLATS TREATED WITH SULFUR DusTs 


Check plats Treated plats Live scales 
Number Num- hem. Num- Num- per 7-leaf? 
of ber of ber of 
applica- leaves live 
tions scale 
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ber of berof unit follow- Net 
mor- 
tality? 


ing treat- 
ment 


leaves live 


Type of 
scale 


sulfur 


Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P 

Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 


Average 


1930 
1930 


Average. . 


1929 
1929 
1929 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1930 
1931 


Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 
Gas-P. 


Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 
Comm. 


Average 
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yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
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TABLE 1—Continued 


Check plats Treated plats Live scales 
Number Num- Num- Num- Num- per 7-leaf! 
of ber of berof berof berof unit follow- Net 

Type of applica- leaves live leaves live ing treat- Mor- 
sulfur tions scale scale ment tality? 
Comm. yellow 2 60 869 60 86 1.43 90.1 
Comm. yellow OA 254 60 10 1.17 96.5 
Comm. yellow 70 568 1.43 97.5 
Comm. yellow : 60 238 j 5.19 81.5 


2.30 91.4 


1A 7-leaf unit or its equivalent was used in all cases. 

*By ‘‘net” mortality is meant the actual reduction of scale caused by the insecti- 
cide, based on the check plat present in each grove. 

’Had somewhat larger series of units been employed, these values would have 
dropped without doubt below 100.0 per cent. 

“Gas-P.” denotes a combination of 20 per cent gas-purification sulfur with 80 per 
cent yellow sulfur, blended and ground together so that all is of 300-mesh fineness. 

“Comm. yellow” denotes any commercial yellow sulfur of relatively high purity 
ground to 300-mesh or coarser. 

In several instances the interval between the conclusion of the treatment and the 
securing of data was too short to permit of the complete mortality. 

The number of trees in each plat from which leaves were taken varied from 27 to 
60, the most common number being 40. The sampled trees were always well scat- 
tered over the area of the plat. 


In the case of the gas-purification sulfur, three applications average 
higher in “‘live scale per unit following treatment” than is the case with 
two applications. This doubtless arises from the fact that, as a rule, 
the orchards dusted three times supported heavier scale infestations 
at the beginning of the treatment. 

The practice in Tulare County of gauging the degree of success of 
scale control is as follows: 

Live scale per unit 
following treatment 


Otol ae, roe well controlled 
1 to2 oak .......8easonal control 
2tod ae are ar erie . .poor control 

5 to 10 bs wee be ae control failure 


From a review of the foregoing data it will be seen that 46 of the 51 
sulfur-dusted plats (2 and 3 applications) enjoyed seasonal control 
with no other treatment. This amounts to 90.2 per cent of the sulfured 
plats. The actual net mortality ranged from 81.5 to approximately 
100.0 per cent. 

It should be kept in mind that the citrus plats reported on for scale 
mortality in this paper were continually under the supervision of the 
writer. All details were closely watched, including material, time and 
method of application, etc. It would seem that results similar to those 
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reported herein might reasonably be expected where the conditions! and 
manner of treatment approximate those which existed under our tests. 
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REFRIGERATION OF 7TRICHOGRAMMA MINUTUM RILEY 
AND OTHER NOTES 


By ALvaAn Peterson, Ohio State University 


ABSTRACT 
Bagworm eggs are fairly satisfactory for hibernating Trichogramma for 40 days 
to six months at temperatures approximating 40°F. The sex ratio is unchanged. 
The species with yellow females lives longer and is more prolific in bagworm eggs than 
is the species with dark colored females. 


In view of the recent interest among entomologists in species of Tri- 
chogramma for the biological control of major insect pests, the author 
has decided to publish some information he has obtained concerning 
refrigeration, sex ratio, longevity and productivity of the species studied 
which may prove to be of value to some investigators. 

One of the questions an entomologist meets in mass production of 
Trichogramma is the problem of keeping the parasites alive and in a 
dormant .condition during the season of the year when there is no need 
for large numbers of adults. The adult parasites in numbers, as a rule, 
will not live much longer than two weeks and parasitized angoumois 
grain moth, Sttotroga cerealella Oliv., eggs will not survive much longer 
than 4 to 6 weeks at temperatures approximating 40 degrees F. Just 
why the parasite in this host egg under refrigeration will not live longer 
is a mystery because the author has successfully wintered out-of-doors 
Trichogramma (yellow species) in the eggs of the oriental fruit moth, 

1The mean monthly maximum temperatures in central California during the 
period of sulfuring are relatively high. According to the Weather Bureau records at 


Fresno, California, the normal mean maximum temperatures for the sulfuring months 
are as follows: March, 66.0; April, 73.6; May, 80.9; June, 91.2 degrees Fahrenheit. 
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Laspeyresia molesta Busck, and in the eggs of the Mediterranean flour 
moth, Ephestia kuehniella Zeller, for an entire winter, November to 
April.' Possibly the egg of the angoumois grain moth is too small and a 
larger host egg is necessary for successful hibernation at low tempera- 
tures or the angoumois grain moth egg shell may be too porous and 
desiccation takes place. 

During the past two years the author has kept Trichogramma alive in 
eggs of the common bagworm, Thyridopteryx ephemeraeformis Haw., 
for three to five months and in one case for six months. The parasitized 
eggs were kept in small lots, 50-75, in shell vials stoppered with cork 
and a raisin on a pin inserted in the cork within the vial. The vials were 
kept in a household refrigerator at 40-45 degrees F., and also in a con- 
trolled refrigeration outfit at Ohio State University. The mortality 
of the parasite in the bagworms kept 3 to 6 months was high, 75 per 
cent or better, yet a sufficient number of healthy females emerged so 
mass production could be attained within two or three generations after 
refrigeration. Mortality, among parasitized eggs, for periods under 
three months, particularly for 40 days, was almost negligible in many 
cases. 

The refrigeration studies also revealed the fact that a parasitized egg 
is not equally susceptible to low temperatures in all stages of its de- 
velopment. (See Table 1, representative of several series of tests con- 
ducted.) In other words the age of the parasitized egg apparently makes 
a decided difference in the per cent of mortality. Generally speaking, 
in the various tests conducted, the greatest survival took place among 
eggs where the parasite was about one-half developed, so far as time is 
concerned. Eggs nearly mature and ready to emerge suffered high 
mortality and young newly parasitized eggs also showed considerable 


to complete mortality, except in one test (see Table 1) where the yellow 
species one day old were placed for 40 days under refrigeration at 38 


degrees F. 

Temperatures below freezing averaging 27 degrees F., are much more 
detrimental than temperatures immediately above 34 degrees F. (see 
Table 1.) All told the most satisfactory survival was obtained with 
temperatures ranging between 40—45 degrees F. 

Fairly high humidity appears to be necessary for the most satisfactory 
survival. At least it was noted that a given number of eggs in vials 
possessing raisins produced a greater number of adults than where no 
raisins were present in the vials, providing all other factors were equal. 

1A biological study of Trichogramma minutum Riley as an egg parasite of the 
oriental fruit moth. U.S. D. A. Tech. Bul. 215, 1930. 
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Since the author’s publication’ calling attention to the existence of 
more than one species (or strain) of Trichogramma in North America, he 
has conducted experiments with the two or more species in his possession. 
So far as refrigeration is concerned it appears from results to date that 
the species possessing yellow females is able to withstand longer and 
more severe refrigeration than the species possessing dark females 
when reared in bagworm eggs. 

Some investigators using parasitized angoumois grain moth eggs have 
reported that refrigeration has a decided and an unfavorable influence 
on the sex ratio, that is many more males are produced than females. 
Under normal conditions the sex ratio of the species studied appears to 
be approximately two females to each male. This ratio has been main- 
tained in all of the refrigeration tests conducted by the author with 
parasitized bagworm eggs, there being no indication of a decided increase 
in males as reported by other investigators. Probably where angoumois 
grain moth eggs are used the female parasites are the first to die, conse- 
quently more males emerged. The size of the host egg may be the factor 
producing this result. 

A good example showing how species of Trichogramma may be 
mixed yet be unknown to entomologists who have not studied the 
parasite carefully is illustrated in one of several experiences the author 
has had. Last fall (1930) a shipment of parasitized angoumois grain 
moth eggs came from New York state and when the adults emerged two 
kinds of females were noted. These were separated and within two gen- 
erations two distinct species (or strains), one a species possessing de- 
cidedly yellow females and the other with decidedly dark and some- 
what smaller females, were segregated. After the two species were com- 
pletely segregated no evidence of interbreeding took place when the 
females and males of the opposite species were placed together. The prog- 
eny from such crosses was always males indicating that fertilization 
did not occur. 

Various tests were conducted with these two species to determine their 
longevity and productivity or parasitism capacity. Approximately 200 
adults of each species, 50 per cent females, in small lots of five females 
and five males were placed in small shell vials, %” x 2”, with bagworm 
eggs and a raisin on a pin inserted in a cork which stoppered the vial. 
The vials were kept at room temperature, 70-75 degrees F. They 
were examined daily, the raisin was moistened when needed, and the 


*How Many Species of Trichogramma occur in North America? Jour. N. Y. Ent. 
Soc. Vol. 38, p. 1-10. 1930. 
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dark parasitized eggs were removed and a new supply furnished. This 
continued until the females were dead. The adults of the yellow species, 
particularly the females, as a rule lived twice as long or longer than the 
dark species. In many of the vials the dark species were dead within 3 
to 5 days, while the yellow species lived 5 to 12 days and in some cases 
30 days or longer. 

A parasitized bagworm egg turns grey to quite dark in color in a few 
hours after a female has punctured the same. In most of the vials 
some of the eggs which turned dark produced no adults. Such host eggs 
were punctured, but for some unknown reason the parasite egg was not 
deposited or if deposited the parasite failed to develop in the host egg. 
The number of individuals which may develop in one bagworm egg varies 
from 1 to 7, consequently it is impossible to determine productivity 
by the number of eggs parasitized. For this reason the productiv- 
ity records for the two species are based on the number of adults de- 
veloping from each lot of parasitized eggs. 

One hundred females of the dark female species in small lots of five 
females and five males produced a minimum of 3, a maximum of 21 and 
an average of 9.6 adults per female parasite, while one hundred females 
of the yellow female species produced a minimum of 12, a maximum of 90 
and an average of 36.6 adults per female parasite. These results show 
that the yellow species is four times as prolific as the dark species when 
reared in eggs of the bagworm. Tests with other host eggs were not 
conducted, yet it is probable that the yellow species would be more pro- 
lific. This decided difference in productivity might have an important 
bearing in biological control under field conditions. 


SUMMARY 


Bagworm eggs, readily available about Columbus, Ohio, and south 
from that point in many parts of the United States, are fairly satis- 
factory for hibernating Trichogramma for periods of time from 40 days 
to 6 months at temperatures approximating 40 degrees F. 

The sex ratio is unchanged by refrigeration when bagworm eggs are 
used. 

The species of Trichogramma possessing decidedly yellow females 
lives longer and is more prolific when reared in bagworm eggs, than the 
species of Trichogramma possessing dark colored females. 
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SPRAYING TO CONTROL THE CODLING MOTH IN SOUTH- 
WESTERN MICHIGAN 


By FRANKLIN SHERMAN, III, Assistant in Research, Michigan State College 


ABSTRACT 

Spraying experiments in southwestern Michigan indicate that several summer 
brood sprays of lead arsenate may be necessary to satisfactorily control codling moth. 
Sprays of oil with nicotine sulphate gave good results on an early variety, but were 
less satisfactory on later varieties. In all cases where oil with nicotine was used in 
the summer brood spravs, the arsenical residue on the fruit was greatly reduced. 
Oil sprays, where used alone for the summer brood larvae, were ineffective. Some 
oils, when used in combination with nicotine sulphate, may cause injury to the fruit. 


CONDITIONS OF THE EXPERIMENT.—During the past three seasons the 
Department of Entomology, Michigan State College, has conducted 
spraying experiments in the Fennville district of southwest Michigan. 
During the seasons of 1928 and 1929 these experiments were carried on 
by Mr. L. G. Gentner. This is a region where growers suffer severely 
from the attacks of the codling moth. The fruit industry is very in- 
tensified, one orchard adjoining another in all directions for a distance of 
several miles. Many of the apple trees are old and large, with an 
abundance of rough bark on the trunks and limbs, which furnishes 
excellent overwinter shelter for hibernating codling moth larvae. There 
are a number of deserted and semi-deserted orchards, which, with the 
large packing houses of the region, serve as constant centers of infes- 
tation. Many growers in this region obtain good commercial control, 
but others complain of severe losses, even when they have followed the 
recognized spray schedule. Our experiments were undertaken in an 
attempt to formulate a spraying program that will meet more satis- 
factorily the situation in this heavily infested region. 

Osjectives.—First, to further test oil sprays which had shown 
promise during 1929; second, to test some substitutes for arsenate of 
lead; third, to determine the value of oil with nicotine combinations 
in the summer brood sprays and what effect the use of this combination 
might have on the arsenical residue. 

SPRAYING EQUIPMENT AND MeEtHOops.—The spraying equipment 
employed was that used by the growers themselves and operated at 
pressures of from 300-350 pounds. The trees, in all plats, were sprayed 
in as nearly as possible the same manner, and special care was taken to 
cover the under sides of the leaves. The trees in each plat were sprayed 
from opposite sides, both from the ground and tank, and each plat was 
finished before beginning another. In obtaining the percentages of 
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damaged apples, all dropped fruit was examined as well as that which 
was harvested. 

ARSENATE OF Leap Piats.—In order to avoid excessive arsenical 
residue only one second-brood spray, containing 2 pounds of lead to 100 
gallons of water, was included in our 1930 spray calendar. Two plats 
of Jonathans, A and B, were given the calyx and three cover sprays. 
Plat B received two summer brood sprays, while plat A received only 
one. These sprays contained two pounds of lead to 100 gallons of 
water. 


RESULTS OF THE SPRAYING 
Plat A, one summer brood spray—68.1% codling moth free fruit. 
Plat B, two summer brood sprays—78.9% codling moth free fruit. 
Arsenical residue on Plat A— _ .015 grains per Ib. of fruit. 
Arsenical residue on Plat B— .022 grains per Ib. of fruit. 


This test shows that the additional spray gave an increased control of 
10 per cent. Furthermore, it indicates that, although but one summer 
brood spray is applied, the grower cannot be certain that his fruit is free 
from excessive arsenical residue. 

Ort AND Nicotine Sprays.—Oil and nicotine in combination were 
used on several plats. The results obtained with these sprays on Straw- 
berry (Chenango) apples, an early variety, were promising. The plat 
which received a second brood spray of 1 gallon of Verdol and three- 
quarters of a pint of nicotine sulphate with water to make 100 gallons 
yielded 80.1 per cent uninjured fruit, while the adjoining plat which 
received the standard arsenate of lead spray produced 74.3 per cent 
uninjured fruit. Samples of fruit were taken from both of these plats at 
the time of picking and tested for arsenical residue. Those from the plat 
receiving oil and nicotine were well below the world’s tolerance, while 
those from the plat receiving the arsenate of lead spray were above the 
1930 administrative tolerance. 

On later varieties oil and nicotine was less effective. Two plats of 
Jonathans, each of which received the calyx and three cover sprays, 
containing three pounds of arsenate of lead to 100 gallons, were sprayed 
with oil and nicotine to control the summer brood larvae. One plat re- 
ceived a single application and yielded but 33.3 per cent of uninjured 
fruit, while the other plat received two applications and produced 
43.0 per cent of uninjured fruit. The sprays used on these plats con- 
tained three-quarters gallon Orthol K medium oil, three-quarters pint 
nicotine sulphate, and water to make 100 gallons of spray. Samples 
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of fruit from both plats, taken during harvesting and tested for arsenical 
residue, showed a residue below the world’s tolerance. 

Wolf River apples, which received two summer brood sprays: Sunoco 
oil, one gallon, nicotine sulphate, three-quarters of a pint; and water to 
make 100 gallons, received little protection and showed considerable 
oil injury on the fruit. In the other oil plats no spray injury was ob- 
served. 

Oi Sprays.—Our experiments during 1929 had indicated that 
certain oils, when used alone, as summer brood sprays were effective. 
However, our results with these same oils during the past season were un- 
satisfactory. 

SummMary.—It appears that in the Fennville district two or more 
applications are required to satisfactorily control the summer brood 
larvae. It is also indicated that the use of a single spray for the summer 
brood larvae, consisting of two pounds of arsenate of lead to 100 gallons 
of water, does not insure the grower from an excessive arsenical residue. 
The tests all showed that where oil and nicotine was used for the summer 
brood sprays there was no excess of arsenical residue. In one test on 
Strawberry apples where oil and nicotine was used for the summer 
brood larvae the results were better than where a standard arsenate of 
lead spray was used. In our tests oil and nicotine was ineffective on the 


later varieties when applied as a substitute for arsenate of lead at 
the time when arsenate of lead is indicated in our spray schedule. One 
proprietary oil, when used in combination with nicotine sulphate, 
caused injury. 


SEX DIFFERENTIATION OF THE SPOTTED CUCUMBER BEETLE 


By Cuaas. E. SmitH and NorMAN ALLEN, Bureau of Entomology, United States Depart- 
ment of Agriculture, in cooperation with the Agricultural Experiment Station of 
the Louisiana State University 
ABSTRACT 


A prominent external character for determining the sex of the spotted cucumber 
beetle (Diabrotica duodecimpunctata Fab.) is discussed. 


So far as can be ascertained, writers on the spotted cucumber beetle 
(Diabrotica duodecimpunctata Fab.) heretofore have failed to recognize 
or at least to record, a rather conspicuous and reliable external character 
whereby the sexes of the species can be differentiated without having to 
kill or injure the insect. The need for such a character was evidenced 
soon after biological studies on the species were begun in 1925 at Baton 
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Rouge, Louisiana. When this need first arose, all of the available liter- 
ature dealing in any manner with the biology of the species was re- 
viewed but it did not reveal the desired information. Next, micro- 
scopical examinations of beetles were begun in an effort to discover 
external structural differences by which the sexes could be separated 
readily and reliably. These efforts were finally rewarded with success, 
and it was found that the character that distinguishes the sexes of this 
beetle is a supra-anal plate—an extra and distinct scierite possessed 
only by the male. 

This supra-anal plate is attached on both sides within to the dorsal 
sclerite of the anal segment, covering the orificium, and operates as a 
horizontally hinged window. Because of its presence in the male sex 
the other sclerites on the anal segment of the male are differently shaped 
than the corresponding sclerites on the anal segment of the female. The 
tip of the abdomen of the female, also, is oval and tapers narrowly 
wherteas the tip of the abdomen of the male ends more abruptly. 

The presence or absence of the supra-anal plate can be determined 
very readily with a hand lens, but the lens is not always necessary, 
especially when good light prevails and mature beetles are being ex- 
amined. 

Horn’s work, “The Galerucini of Boreal America’ (Trans. Amer. 
Ent. Soc. 20: 57-144, 1893), contains the only reference that the authors 
have been able to find to sex differentiation in the genus and species. 
The part pertaining to this species was quoted by Isely in Bulletin 232 
of the Arkansas Agricultural Experiment Station. Specified numbers of 
particular sexes of this species were used in experiments reported by 
R. A. Sell (Jour. Econ. Ent. 9: 551, 1916), but no mention was made as 
to how the differentiation was made. Under the discussion of the genus 
Diabrotica Chev., Horn (Op. cit.) says: 

“The male sexual characters are feeble. All have the last ventral 
truncate, and in some broadly emarginate. A few have the first joint 
of the anterior tarsi dilated.” 

Under the discussion of the species, the following sexual characters are 
given: 

“‘Male.—Last ventral truncate and broadly emarginate; front tarsi 
not dilated. 

“‘Female.—Last ventral narrowly oval at tip.” 

It is plainly evident that Horn did not recognize the presence of a 
supra-anal plate in the male of the spotted cucumber beetle and its 
absence in the female as a sex character. Although the sexual characters 
given by Horn are true and possibly sufficient for the systematist who is 





October, '31] DE COURSEY: TRAPPING CONFUSED FLOUR BEETLE 1079 


accustomed to recognize very minute structural differences, they are 
hardly sufficient for practical application by the economic worker. 

The same sexual character is present in all the other species of Dia- 
brotica which the authors have had an opportunity to examine. These 
include Diabrotica vittata Lec., D. balteata Lec., D. virgifera Lec., and D. 
longicornis Say. 


A METHOD OF TRAPPING THE CONFUSED FLOUR BEETLE, 
TRIFOLIUM CONFUSUM DUVAL 


By J. Don DeCoursey, Assistant Entomologist' 


ABSTRACT 
Corrugated paper containing wheat flour as an attrahent proved to be an efficient 
trap for the confused flour beetle (Tribolium confusum Duval) in shelled corn. 
Eighty-five thousand five hundred beetles were captured in traps during 961 trapping 
hours, or 40 trapping days. The insects were trapped in moth rooms where large 
numbers of grain infesting insects were present. The average number of beetles 
captured in traps 6% by 5% inches in size during 72 hour exposure periods was 46.4. 


In the course of experiments in mass production of the Angoumois 
grain moth (Sztotroga cerealella Oliv.) in shelled corn, it was found that 
the ends of two wooden boxes that had been standing together for some 
time formed a narrow space attractive to the confused flour beetle 
(Tribolium confusum Duval). This discovery suggested the possibility 
of trapping them. 


TABLE 1. THe EFFicrency oF DIFFERENT ATTRAHENTS (18 Hours Exposure) 


No. 
Attrahent Tribolium 


Sov bean oil 
Cedar oil 

Cane sugar 
Citral emulsion 
Methy!] acetate 
Corn meal 
Black strap molasses 
Amy] acetate 
Beef fat 

Rolled oats 

Oil of sassafras 
Ethyl acetate 
Geraniol 

Lemon oil 
Flour 


Fifteen traps were then prepared of pieces of wood 7 inches long, 5 
inches wide and one-sixteenth inch thick. Each trap consisted of two 


‘Contribution from Project 3.9 of the Natural History Survey. 
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such pieces of wood hinged together in a manner permitting one side 
of each piece to make contact with the other piece. Tacks were used in 
the four corners of the trap to hold the two sections of wood far enough 


apart to admit the beetles. 

The traps, containing an attrahent on the interior of each, were 
buried in corn in a moth-production room. The powdered attrahents 
were dusted into the traps, while the liquids were first dissolved in 


alcohol. 
TABLE 2. EXPERIMENTS WITH VARYING TIME OF EXPOSURE 
Average No. 
No. hours No. Tribolium Tribolium 
No. traps exposure trapped per trap 

21 1,386 66.0 
21 649 30.9 
21 26.0 
111.1 
102.4 
71.3 
4538 
53.6 
57.9 
51.5 
46.9 
36.9 
48.0 
44.9 
42.0 

39.8 
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85,476 
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Total 1,658 


TABLE 3. SUMMARY OF TRAPPING EXPERIMENTS SHOWN IN TABLE 2 


No. of. Total No. 
experi- No. hours Total Total No. Total No. beetles 
ments exposure No. traps hours beetles per trap 
per hour 

3 24 63 24 2,582 1.7 

1 41 20 41 2,222 2. 
2 64 186 64 16,156 l 


10 72 1,389 72 64,516 


34 
64 

Several tests were made of the more promising materials, but flour 
was found to be the best attrahent (Table 1). Several experiments in 
mixing the oils with flour failed to give better results than flour alone. 

At the suggestion of Dr. C. L. Metcalf of the Department of Ento- 
mology, University of Illinois, pieces of corrugated paper were pre- 
pared 6% inches long by 5% inches wide. Flour was sifted into the 
corrugations. These cards were tried in comparison with the wooden 
traps and found to be superior. Experiments followed with corru- 
gated paper traps, using exposures of 24, 41, 64 and 72 hours. The total 
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number of Tribolium trapped was 85,476 in 961 trapping hours, or 40 
trapping days. (Tables 2 and 3). 

Traps fastened to the walls and ceiling of the room averaged 83 
beetles per trap in several tests. This is higher than the average for the 
traps placed in corn, which was 46.4 for 72 hour periods. 

Although the results indicate that a trap reaches its full capacity in 
60 hours or less, it does not seem practical to remove the traps more 
often than every 72 hours because of the amount of labor involved. 

All trapping was carried on in the same moth room; consequently the 
reduction in the number of beetles captured during 72 hour periods may 
be due to a decrease in the number of beetles present. 

The traps should be removed, burned and replaced with new traps 
each time. This insures against replacing eggs or larvae in the room 
within the traps, and is also cheaper than trying to clean the traps by 
shaking. 

It is interesting to note that the average number of beetles per trap 
in the corn located near the outer wall of the room at a temperature of 
80°F. was 24, while on the opposite side of the room where the temper- 
ature was 85°F. the average number of beetles per trap was 52. This 
data was taken from the entire group of ten experiments carried on 
during 72 hour periods. 

The traps were buried in trays of corn to a depth of about one-six- 
teenth inch. The room was kept semi-dark during the day. 

A corrugated paper trap baited with a thimble full of flour was placed 
in a two-quart fruit jar containing flour infested with Tribolium. The 
trap was 5 inches long by 2 inches wide. When the jar was examined 
fifty hours later there were only about sixty beetles visible on top of the 
flour. The trap was removed, and found to contain 700 beetles. This is 
interesting because it shows that the trap is efficient even in the same 
material (flour) that was used to bait the trap. 

This type of trap may prove an aid in holding the beetles in check 
where some of the other grain infesting insects are being reared in the 


grain. 
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A NEW CURCULIO JARRING SHEET 


By Oxtver I. Snapp and J. R. THomson, U. S. Peach Insect Laboratory, 
Fort Valley, Georgia 
ABSTRACT 


This article describes a new sheet for jarring which has a number of advantages 
over any sheet heretofore used. 


Collecting plum curculio beetles in the spring by jarring peach trees is 
a supplementary control measure that is enforced by many southern 
peach growers. It is a recommended practice, especially when the 
curculio infestation is heavy, and during recent years it has become very 
popular. Many types of jarring frames are employed for this work, 
the most common one being made by covering wooden strips with a low 
grade of cotton sheeting. This frame is 12 feet by 6 feet in area, and 
they are used in pairs, there being a 10 inch by 10 inch notch in the 
middle of one to receive the trunk. Other types of home-made jarring 
frames are sometimes used, and recently a manufactured frame made of 
aluminum has appeared on the market. 

Most of the frames that are now used by southern peach growers are 
heavy and more or less difficult to handle. Many are too small to catch 
all of the curculios that fall when a tree is jarred. Some are too ex- 
pensive. In order to overcome these objections, a simple curculio jarring 
sheet has been developed which is light, large, easily constructed, in- 
expensive, easy to handle, practical, and efficient. 

This sheet is made by sewing together three 36-inch widths of un- 
bleached cotton sheeting 15 feet long. Therefore, each sheet has an area 
of 9 feet by 15 feet, and two of them are used under a tree when it is 
jarred. No frame is required for these sheets other than a 11-inch 
by 1%-inch by 10-foot wooden strip run through a hem at each 9 foot 
end of the sheet which serves as a handle. A hem is made along each 
15-foot side through which cotton rope is passed and tied around the 
wooden strips at each end. A chain about the size of an ordinary trace 
chain is then placed across the middle of the top side of each sheet and 
fastened to the hem ropes with heavy cords as shown in the accompany- 
ing drawing. It holds the sheet down and tends to make it bag slightly 
toward the center which causes the curculios to roll to that point, 
where they can be collected or mashed. 

These sheets can be rolled up into a convenient bundle when not 
in use and therefore can be carried easily from orchard to orchard and 
elsewhere. They are easy to handle in the orchards, and petals, leaves, 
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and trash are quickly removed from them by merely swinging the end 
strips to a vertical position. After two of the sheets are placed under a 
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Curculio Jarring Sheet 


Fig. 74.—A new jarring sheet for collecting plum curculio adults from peach 
trees (padded pole for jarring trees at left). 


peach tree, it is jarred with a pole containing a block on one end which is 
covered with a piece of old automobile tire. See accompanying drawing 
for details of the sheet and pole. 
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THE REPRODUCTIVITY OF THE BEAN WEEVIL (MYLABRIS 
OBTECTUS SAY) AS AFFECTED BY THE VAPOR OF 
ETHYLENE OXIDE 


By GLENN W. HERRICK and WILLIAM R. HorsFALL 


ABSTRACT 


Short exposures to ethylene oxide appear to stimulate hatching of the eggs. The 
number of eggs laid and the number hatching decreased and the time for production 
of viable eggs, the mean periods of oviposition and hatching was lengthened and the 
mean longevity of the adults was as long or lengthened with more protracted exposures. 


The writers have long been interested in the fumigation of insects as a 
practical measure of control. In our fumigation work during the past 
year certain interesting and rather unexpected results occurred. One 
phase of the results seemed of enough interest to justify the following 
brief preliminary note. 

Type oF FuMIGATION CHAMBER.—The chamber is rectangular and 
encloses a space of 100 cubic feet. The walls are double and made of 
celotex with a four-inch dead-air space between. On the inside the 
walls are painted with several coats of white lead in a linseed oil carrier 
in order to insure against leakage of the gas. The box is heated by 
means of two batteries of carbon filament bulbs so placed as to dis- 
tribute the heat uniformly. In addition there is an electric fan to keep 
the air in constant circulation. The heating units are controlled by 
means of a bimetallic thermostat that holds the temperature of the 
chamber constant within one degree Fahrenheit. The door in the front 
of the chamber is two feet by three feet and is held tightly against a felt 
seal by means of thumb screws. In one side of the chamber near the 
bottom is a hole about one inch in diameter through which the vials of 
specimens are removed. 

MetuHops oF Fumication.—lInto the hole mentioned above a para- 
fined cork was fitted tightly. Just before introducing the fumigant the 
small glass vials with wire cloth tops in place and specimens inside were 
attached by means of strings and wire loops to the cork. Then at the 
desired intervals the cork was removed, a string pulled, and vial taken 
out. Since the hole is small, the container large, and the time of re- 
moval for each vial was only a matter of ten seconds or less the loss of gas 
was considered to be negligible. 

The fumigant as a liquid in a graduated cylinder was introduced 
through the front door into a shallow pan on the floor of the chamber 
near the fan. Since the air was kept in rapid motion, the fumigant 
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evaporated quickly and was thoroughly distributed throughout the 
chamber. 

The technique is still in the process of refinement, but even now the 
results are encouraging. 

Tue Insects Usep.—The bean weevils all came from five females that 
were isolated on April 23, 1930. They were kept breeding in red kidney 
beans in a room with a temperature which varied little from 80 degrees 
F. and a relative humidity of about 50 per cent. Immediately before a 
fumigation was made the adults which had emerged from the beans 
within a known interval of time were counted into as many lots of 
thirty specimens each as exposures desired and then put into vials. 
At the end of the fumigation the weevils were removed from the vials 
and put into one-ounce tin boxes with a bean in each for longevity and 
oviposition records. 

TABLE 1. Errect ON BEAN WEEVILS OF VARIOUS EXPOSURES TO THE VAPOR OF 
ETHYLENE OXIDE 


Length of Exposure....... Check $hr. ?hr. ILlhr. 1}hrs. 1$ hrs. 13 hrs. 


Number of adults......... 29 30 29 30 29 26 
Total eggslaid............ 237 662 297 449 282 126 157 


4 
Total eggs hatched nk ae 462 139 96 85 36 12 
Percentage of eggs hatched 60.7 69.7 46.4 19.2 30.5 28.6 7 
Days elapsed after emerg- 
ence from beans before 
viable eggs were laid. . 
Days elapsed after emerg- 

ence from beans before 

laying of viable eggs 

ceased. .. ae ee 1: 14 14 14 14 14 
Mean longevity indays .... 13.8 15.3 13.8 16.0 15.3 16.3 15.3 

Discussion.—For obtaining these results the adults used had emerged 
from the beans within an interval of a day and a half. They were 
fumigated with 55cc. of ethylene oxide per 100 cubic feet. The temper- 
ature for the interval of exposure varied from 75 to 76 degrees F. as 
shown by a maximum-minimum thermometer, and the relative humid- 
ity was 50 per cent as recorded by a hygrograph. 

The number of eggs laid by each lot after fumigation was variable 
and can hardly be used as a comparison between individual lots. But the 
best criterion of the effectiveness of the exposure is the percentage of 
those eggs that hatched. With the inexplicable exception of the lot 
exposed for one hour, the number of eggs hatching decreased as the 
length of exposure increased. It will also be noted that there was an un- 
mistakable stimulus for egg-laying and siibsequent hatching under a 
short exposure of one-half hour but a decline in oviposition under ex- 


posures longer than that. - Because of a lack of the fullness of the records 
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it cannot be shown in the table that both the mean periods of ovi- 
position and hatching were greater with the longer exposures of the 
adults to the gas. 

In the table it may also be seen that there was no decrease in the mean 
longevity of the adults by the treatment for the range of exposures 
shown here. By longevity in this case is meant the length of life dating 
from the treatment. 

It may be said that the results to date are not final because of in- 
sufficient data and because of the difficulty of controlling the many 
variables encountered. At the present attention is being given to food, 
temperature, humidity, exposure, dose, treatment subsequent to ex- 
posure, cages, light and ancestry and age of the weevils. It is un- 
fortunate that the sex of the weevils involved cannot be determined 
because that might solve many of the existing riddles. Since all of the 
variables in regard to the insects themselves have not been controlled 
the term check as used in this paper is taken to mean an experimental 
one rather than an ideal one. 

SuMMARY.—(1) Oviposition of the bean weevil is plainly stimulated 
by short exposures to ethylene oxide. 

(2) Hatching of the eggs seems to be stimulated by half-hour ex- 
posures. 

(3) The number of eggs laid and the number hatching decreased with 
the longer exposures. 

(4) The number of days elapsed before viable eggs were laid by the 
weevils increased with the length of exposure. 

(5) The mean periods of oviposition and hatching were longer with 
the longer exposures. 

(6) The mean longevity of the adults was as long or longer than those 
of the check, indicating that there were no lethal effects with the range of 
exposures used here. 





Phyllocoptes cornutus Banks in Michigan. On October 2, 1930, peach leaves 
presenting a peculiar silvery appearance were collected at Ann Arbor. The next day 
more leaves presenting the same appearance were found at East Lansing. Micro- 
scopic examination of leaves from both places revealed the peach silver leaf mite, 
Phyllocoptes cornutus, Banks. 

Ray Hutson, Michigan State College, East Lansing, Michigan 
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AN EXPERIMENT IN DIRECT BIOTIC CONTROL OF A SCALE 
INSECT ON PINE! 

By Lestie W. Orr, Division of Entomology and Economic Zoology, University of 
Minnesota, and RaLpu C. HALL, School of Forestry and Conservation, University 
of Michigan 
ABSTRACT 

The introduction of Hyperaspis beetles in a Scotch pine area infested with Toumey- 
ella pini resulted in a marked reduction in the scale population. 

During the spring of 1929 the senior author conducted some oil spray- 
ing experiments for the control of Toumeyella numismaticum Pt. and 
McD. in a plantation of jack and Scotch pine near St. Paul, Minnesota. 
In following up the results of these experiments it was found that coc- 
cinellid larvae, mainly those of Hyperaspis signata Oliv., were very 
abundant and were destroying tremendous numbers of the young scales 
on unsprayed trees. By the end of the season the coccinellids had 
almost completely wiped out this scale infestation. 

The remarkable effectiveness of the coccinellid beetles in controlling 
the scale outbreak at St. Paul was very impressive. Therefore, when the 
senior author found a small infestation of a very similar species of scale, 
Toumeyella pint King, on Scotch pine in a plantation near Ann Arbor, 
Michigan, in the fall of 1929, he at once thought of the possibility of in- 
troducing some of the Hyperaspis beetles from the St. Paul area in the 
hope that they would prove equally effective at Ann Arbor. He there- 
fore arranged with the junior author, who was then at St. Paul, to have 
beetles collected and shipped to Ann Arbor. 

TABLE 1 
Degree of Infestation of Individual Trees—May, 1930 
Heavily Lightly 
Dead Dying infested infested Uninfested Total 
Number of trees ; - 6 22 56 606 690 
Per cent of total number..... - 0.87 3.18 8.12 87.83 100.0 

In May, 1930, about 325 of the Hyperaspis beetles were collected at 
St. Paul and liberated on infested trees in the Ann Arbor plantation. 
Part of the beetles were confined on scale infested trees by means of 
muslin bags tied over the ends of infested branches, while others were 
simply released on such trees without confinement. 

A record of the number of scale infested trees in this plantation was 
made shortly before the coccinellids were introduced. The data ob- 
tained are summarized in Table 1. 


‘Published as Paper No. 1015 of the Journal Series of the Minnesota Agricultural 
Experiment Station. 
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Several subsequent examinations were made during the summer by 
the junior author and it was found that the coccinellids had reproduced 
and that the larvae were quite abundant on scale infested trees. They 
were feeding on newly hatched nymphs and also those that had moved 
out onto the new shoots and become established. This feeding con- 
tinued from early June until about the first of September. 

A very careful examination of each tree made in October showed that 
of the 690 trees only eight had any scales on them (as compared with 78 
in May) and none of these were heavily infested, showing a very marked 
reduction in the degree of infestation. Table 2 is a summary of these 


: 2. PLANTATION IN WHICH THE COCCINELLIDS WERE INTRODUCED IN THE 
SPRING OF 1930 


Average No. of scales Nature of scale distribution on the 
per linear inch tree 
78 Scale well distributed over the tree 
— Scales on only three tips 
Scales on only three tips 
Scales well distributed over the tree 
Scales on only two tips 
- Scales on only five tips 
— Only one scale on the entire tree 
— Only one scale on the entire tree 


No. 
1 
2 
3 
4 
5 
6 
7 
8 


To further emphasize the contrast of this very low degree of infestation 
with conditions that had existed in May, the number of mature female 
scales per linear inch was determined for eighteen twigs that had been 
collected in May, shortly before egg-laying began. It was found that 
the average number of mature females was about 25 per linear inch. 
These twigs had been selected because of the large size of the scales on 
them, and therefore the actual number per linear inch was undoubtedly 
lower than was the case on many twigs with smaller scales. The figures 
are indicative, however, of the tremendous number of young scales that 
must have been produced during the season, as each female is capable of 
producing several hundred eggs. 

Another infestation of T. pint was located in a somewhat older plan- 
tation of Scotch pine about six miles from the one described above. 
This infestation had apparently been in progress for a considerably 
longer time; a much larger number of trees were infested and many had 
been killed. No Hyperaspis beetles were introduced and no other 
effort at control was made during 1930. 

In October, seventeen trees in this plantation were selected at random 
and ten representative twigs were taken from each for examination. A 
linear inch was marked off on each twig and an actual count was made 
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of all the young scales in that area. Table 3 indicates the intensity of 
the infestation on these twigs and the nature of the scale distribution 
over the trees from which the twigs were taken. A comparison of 
Tables 2 and 3 shows that the scale population in the experimental 
plantation had been reduced to a very low point as compared with that 
on the check plantation. 


TABLE 3. CHECK PLANTATION IN WHICH NO SCALES WERE INTRODUCED 
Average ‘No. of scales Nature of scale distribution on the tree 
per linear inch 
5.6 Scattered branches infested 
29.5 Uneven 


57.5 Uniform 
9LS Uniform 
37.4 Uniform 
107.4 Uniform 
48.8 Uniform 
31.1 Uneven 
33.8 Uniform 
24.8 Uneven 
14.8 Uneven 
8.9 Scattered 
27.6 Uniform 
1.1 Scattered 
30.8 Uneven 
14.8 Uneven 
58 Scattered 


Average 33.6 


From the above data it is very apparent that the coccinellid intro- 
duction was extremely successful in bringing about a very marked re- 
duction in the scale population in the experimental area. A few beetles 
of another species, Coccinella perplexa Muls., were collected on these 
trees early in May, 1930, and it is probable that this species may have 
been partly responsible for the control of the scales. However, it seems 
reasonable to assume that this species must have been present naturally 
in the check area also, especially since the check area has been infested 
for a longer period of time and would therefore be more likely to have 
natural enemies present. The writers therefore believe that this ex- 
periment is indicative of a possible means of controlling such scale 
insects with comparatively little expense. If some means of rearing 
the beetles in large numbers can be developed it would be possible to 
liberate them in natural forest areas where incipient or local outbreaks 
of these scale insects are found and thus bring about control much 
quicker than usually occurs in nature. 
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THE ROBINSON METHOD FOR DETERMINATION OF BOUND 
AND FREE WATER IN THE INSECT BODY ' 


By F. S. BODENHEIMER (Jerusalem) and CARL T. Scumipt, Department of Entomology, 
University of Minnesota 


Since the problem of water metabolism of insects has become more and 
more recognized as a central problem in insect physiology and ecology, 
the writers tried to repeat the fundamental experiments of W. Robinson 
(1928). The difficulty of obtaining the original paper and its more than 
condensed style justifies the below given redescription of its procedure 
and will make this method more available for biological workers. Its 
incorporation in courses in insect physiology may also be suggested. 

To give here briefly the problem: The relation between that part of the 
body water which is colloidally bound in the tissues and the free inter- 
cellular water seems to be of decisive influence for many physiological 
processes such as cold and dry hardiness. It was Robinson who opened 
the experimental field in this respect for insects. The theoretical back- 
ground of the experiment is: At — 20°C. all of the free body water may 
be regarded as frozen while the bound water is unchanged. If by 
calorimetric measurement the quantity of the frozen free water is de- 
termined, the difference between the total water content and the quan- 
tity of free water represents the bound water content of the body. 

PROcEDURE. The main experiment is to calculate the amount of free 
water by calorimetric methods following the formula 


_FN (T;:—T,) — S W (T:+T,) 
80 — T:—T; 


9 


xX 





These symbols mean: 


F —correction factor for the particular calorimeter used. 

N —volume in cc. of water in the calorimeter. 

S —-specific heat of the insect. 

W —total weight of the insect. 

T, —the average freezing point of the insect. 

T, —the temperature of the insect at the beginning of the experiment. 

T, —the temperature of the water in the calorimeter at the beginning of the test. 
T,—the temperature of the water in the calorimeter at the end of the test. 


These values are obtained : 
1. THe Correction Factor. The correction factor is necessary 


‘Published as Paper No. 1025 of the Journal Series of the Minnesota Agricultural 
Experiment Station. 
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because the heat which is liberated by the melting ice is not only ab- 
sorbed by the water content of the calorimeter but also by the walls of 
this vessel itself. The calorimeter is a simple Dewar flask with inside 
dimensions five inches high and one inch in diameter. In order to 
obtain the necessary correction we have to bring pieces of ice of different 
weight into the calorimeter which is filled with a certain amount (10- 
30 cc.) of distilled water at room temperature. The fall of the water 
temperature following the introduction of the ice pieces is observed 
and the lowest temperature noted. 

Since 80 calories are given off by one gram of melting ice, the calcu- 
lation was as follows: There were 30 cc. of distilled water at 22.1°C. 
originally in the Dewar flask. The weight of the introduced piece of ice 
was 1.22 grams and the lowest observed temperature was 18.3°C. We 
multiply the weight of the ice by 80 (calories) : 1.22 * 80 = 97.60 calories 
which theoretically should have been developed. We multiply further 
the difference in the water in the calorimeter at the beginning and 
at the end of the experiment with the weight of the water in the calor- 


: is —s 114.0 ss ‘ 
imeter: 3.8 KX 30 = 114.0. The division aa 1.17, the correction 


Ji .0 

factor of the calorimeter which we used. The general formula would be: 

lowering of temperature in the calorimeter in °C. X 
= volume of water in the calorimeter in cc. 
Specific heat = ————_—_—__—— ———— $$ __________ 

weight of ice piece X S80 calories 

As the experimental values are generally about 1 gram, the weights of the 
ice pieces in this procedure should be nearly the same. In our ex- 
periments the differences were not progressive as in those of Robinson 
and it will be quite sufficient to use the average between ice pieces from 
0.5 g. and 2.0 g. in weight. 
Our results were: 


Weight of Depression of water temp. Correction 

ice pieces with 30 cc. volume factor 
1.218 g. 3.8°C 1.17 
H3 5.4 1.20 
313 4. 24 

12 


28 


10. 
Qs 


1. 
6. 1.34 

a 

1. 


Average ; 1.22 


This determination of the correction factor needs only to be done once 
at the beginning of the first experiment and may be used for all follow- 
ing experiments with the same Dewar flask. 
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2. Speciric Heat or THE INsEct. The specific heat of a material is 
the amount of heat required to raise 1 gram of the material through one 
degree Centigrade. It is calculated by the following formula: 


M s(T — T;) = m (t: — te) X Correction factor. 


= specific heat 

= weight of the insect 

= initial temperature of insect 

= mass of water in the calorimeter 

= temperature of the water in the calorimeter at start 

=acquired temperature of the mixture of the insects and the water in the calor- 


imeter 

Ordinarily a Dewar flask is not reliable in delicate calorimetric measure- 
ments but if the correction factor for loss of heat through the walls 
of the calorimeter is determined with material of known specific heat 
through experiment it may be made dependable. The lost heat can 
only be determined as an approximation but this is an inherent diffieulty 
in heat measurements and determinations must be so planned as to 
reduce these losses to a minimum. 
When° 

M = 0.85 g. 

T = 23.3°C. 

to 11.2°C. 


Then: 0.85 s (23.3 — 11.8) 20 (11.8 — 11.2) 
s = 1.22 


In this simple manner the specific heat may be ascertained. Since 
there are many sources of error in this experiment it is advisable to 
repeat this determination several times in order to obtain reliable results. 


3. THe AVERAGE FREEzING Point. The average freezing point is 
determined by the well-known thermocouple method as described by 
Bachmetjev (1901) and Robinson (1927). 

We are now able to calculate the main formula for the determination. 
If our values are as follows: 

F= 1.22 N =20ce. 
S= 1.22 W =1.45¢. 
T:= 1.5°C. T.=—24.0°C. 
T;= 242°C. T,= 20.2°C. 
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The equation runs: 
1.22 X 20 (24.2 — 20.2) — 1.22 X 1.45 (24.0 — 1.5) 
_ 24.0 + 15 


X= 





80 


_~ 


= 0.86 


The original weight of the beetles was 1.45 g., the dry weight 0.47 g. 
The total amount of water is then 0.98 g. Of this amount 0.86 are free 
and 0.12 g. (12.2%) colloidally bound. Such small values are normal in 
stages at which no cold or dry hardiness had developed. The material 
in our experiments were the adults of Phyllophaga sp. and two beetles 
were used in each experiment. 

All thermometer measurements in the calorimeter should be made 
with the thermocouple method or with a thermometer graduated in 
tenths of degrees. 

It is hoped that this redescription will stimulate further research work 
in this very promising field. 
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RED SPIDER CONTROL IN GREENHOUSES 
By C. C. Compton, Jilinois State Natural History Survey 


ABSTRACT 


It has long been known that certain extracts of Derris sp. are toxic to red spiders. 
A large number of tests have shown that the addition of 4% per cent Penetrol greatly 
increases the effectiveness of Derrisol as an arachnicide. Derrisol 1400 plus Penetrol 
1-200 has been found to be effective against red spider eggs as well as the mites. 
Commercial control has been obtained in a number of cases by making two applica- 
tions of this mixture, 8 days apart. 


Red spiders, Tetranychus telarius and Tetranychus bimaculatus, are 
among the most difficult of our greenhouse pests to control. Forcibly 
syringing the plants with clear water has been the standard measure of 
control on most greenhouse crops for years. Many varieties of plants 
are injured by this method of control. Other crops such as roses and 
chrysanthemums must be tied securely in order to withstand frequent 
syringing. One of our largest rose growers in Illinois has said, “If we did 
not have to forcibly syringe our roses, we could reduce our labor costs 
in the production of roses approximately one-third.’’ Syringing in dark, 
cloudy weather is undesirable because of the encouragement of leaf 
diseases. Proprietary mixtures have been placed on the market from 
time to time that have been partially successful in the control of red 
spiders. 

There is a distinct demand for an effective arachnicide that is safe 
to use on greenhouse plants. It has long been known that extracts of 
Derris sp. are toxic to red spiders. In the course of some greenhouse 
experiments for the control of red spiders started in the winter of 1929- 
30 the writer found that the addition of Penetrol to Derrisol greatly in- 
creased the effectiveness of the Derrisol. With this start a large series of 
tests were run both in an experimental way and under commercial con- 
ditions. A large number of other materials were included in these tests, 
some of which are given in Table No. 1 for the sake of comparison. 
Rotenone was used in some preliminary tests in combination with 
Penetrol. In this case the Rotenone-Penetrol mixture was prepared 
by the Kay Fries Chemical Company and submitted as formula ‘‘No. 
521.” (0.1 gr. rotenone in 100 cc Penetrol.) 

In the experimental tests materials were applied as a fine, continuous 
spray using care not to knock the red spiders off the plants. In the case 
of small potted stock, such as ageratum, lantanas, verbena, etc., where 
it is difficult to hit the underside of the leaves without holding the 
nozzle close enough to knock many of the spiders off, the plants were 
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carefully dipped. In dipping the plants they were inverted and momen- 
tarily submerged in the solution. The excess material was gently 
shaken off the plants. The counts of live and dead red spiders were 
made at intervals of 6, 12, 18, and 24 hours after the applications 
were made. In each experiment red spiders were counted from leaves 
taken at random from various parts of the plant and the number of live 
and dead mites recorded. The data given in Table No. 1 are the results 
of the final counts at the end of 24 hours. 


TABLE 1 
No. of Percent dead 
Material use Dilution Tests after 24 hrs. 
Derrisol ave as ’ 1—400 46 72-81 


Derrisol . . HOO 20 89-91 
Penetrol 200 _ —— 
Derrisol ROM) 2 68-81 
Penetrol 200 — 
Derrisol 4M) , 92-96 
Penetrol 400 . _ 
Derrisol 400 52 OS 
Penetrol 200 — — 
Derrisol 400 

Potassium oleate SOD 

Derrisol 400 

Penetrol 200 

Kopper'’s sulfur z.—1 gal. 


Pyrethrum-Red Arrow 200 
Sheps plant spray 128 
Pyrethrum-Red Arrow 200 
Penetrol 200 
Penethrum 200 
Penethrum 200 
Zenke’s Fungicide (copper sulfate 5O 


Penetrol 200 
Zenke's fungicide copper sulfate oO 
Penetrol 1-200 
Checks. .* No treatment 
Formula No. 521° 1-100 
Formula No. 521? 200 
Formula No. 521° 100 


1 


‘No appreciable increase in percentage of kill after 24 hours. 
*Formula No. 521—0.1 gr. rotenone in 100 ec penetrol. 
K t 


In order to determine the effect of the Penetrol-Derrisol mixture on 


the red spider eggs, plants such as English ivy, vinca and castor bean; 
small, potted roses and chrysanthemums were used. The plants were 
allowed to become infested by scattering infested leaves over them. 
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As soon as colonies of eggs appeared all leaves were stripped from the 
plant with the exceptions of those that could be brought under the bi- 
nocular without removal from the plant. The eggs and leaves were then 
sprayed and the effects of the spray determined after 2 to 8 days. See 
Table No. 2. In all cases the results were read under the binocular. 

In the tests made on a commercial scale the materials were applied as a 
fine driving spray. Counts were made of 2000 red spiders from leaves 
taken at random and the number of live and dead mites recorded. 


EXPERIMENTAL TESTS 


The results given in Table No. 1 were obtained from tests on ager- 
atum, ivy, castor bean, lantana, verbena, vinca, gerbera, potted chrysan- 
themums, potted carnations, and Ficus sp. No injury resulted to the 
plants from any of the materials listed with the exception of carnations. 
The injury in this case consisted of the removal of the “‘bloom”’ on the 
foliage and stem. This would seem to preclude the use of any spray con- 
taining Penetrol on this crop although the plants resume their natural 
color in a much shorter time than is the case with most oil sprays. 
Ageratum was sprayed in full bloom with the Derrisol 1—400-Penetrol 
1-200 mixture without a trace of injury to the flowering parts. Heavily 
infested and webbed plants were cleaned up with this spray by making 
two applications eight days apart. When the dilution of Derrisol was in- 
creased, the percentage of kill fell off considerably even though Penetrol 
was used at 1-200. Also reducing the amount of Penetrol below 4% per 
cent reduced the percentage of kill. The most striking point in favor 
of the Derrisol 1~400-Penetrol 1-200 mixture is the fact that greater di- 
lutions do not materially affect the red spider eggs as shown in Table 
No. 2. 


TABLE 2 
No. of Percentage 
Materials Dilution tests of eggs killed 
Derrisol. . . . Po a, psi dacs 1—400 16 2-9 


Penetrol . ie ee er 1-200 14 


Derrisol. .. . oo ce Oe) ee 1—400 
Penetrol. . : ae 1-200 


Derrisol.. . . OF ye hd ORT ee a yee 1—100 
Penetrol..... ‘% a “m 1—400 


Derrisol . . ;' vehawdabins 1-600 
Penetrol. . .. koa peokd selec halen 1-200 


1-800 
1-200 
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COMMERCIAL TESTS 


Commercial tests were made with the Derrisol 1-400-Penetrol 1-200 
mixture in eight different greenhouse establishments in Cook County, 
Illinois. The tests were made on roses, chrysanthemums, carnations, 
verbenas, and vincas. The results are given under crop headings. 

Roses.—Excellent control of red spiders with two applications made 
eight days apart. One-half percent Penetrol causes slight injury to roses 
of certain varieties when applied to the under surfaces of the leaves. 
This injury consists of a slight warty growth on the under surface of 
the leaf. The cells of the rose leaf take up the solution, particularly 
along the leaf veins and after about a week these same cells callous over, 
giving the under surface a warty appearance. The Pernet types of 
roses are most susceptible to injury followed by Pierson, Premier, Match- 
less, Briarcliff, and other Columbia types in that order. This injury is 
most pronounced on the older leaves where red spiders have been feeding 
and is preferred by most growers to the red spider injury. 

CHRYSANTHEMUMS.—Excellent control with two applications made 
eight days apart. No injury to 38 varieties under observation. Plants 
in full bloom were not injured. 

CaRNATIONS.—Excellent control of red spiders with two applications. 
Objectionable because the ‘‘bloom’’ on the leaves is destroyed. Some 
growers use it on plants before they come into bloom since the plants 
resume their normal color in a few weeks time. No injury to blooms. 

Vincas and VerRBEeNAs.—Excellent control and no injury. In- 
festations cleaned up with two applications. 

The added cost of the Derrisol 1-400-Penetrol 1-200 spray over 
weaker dilutions is justified by the smaller number of applications neces- 
sary to bring an infestation under control. 





The Grasshopper Outbreak in Utah—i931, Grasshoppers have been seriously 
damaging in many parts of Utah during the present season. Practically all agri- 
cultural crops in areas of high grasshopper population have suffered from attack. 
Small grains and a!falfa have been stripped of leaves over large areas and the heads 
of the grain have been destroyed and the stems eaten off. Fruit trees have been 
defoliated in a number of localities and in some cases the fruit has been severely 
attacked. Truck crops have also been injured. Poison bait has been applied to 
many thousands of acres of infested agricultural land with varying success. The 
most destructive species listed in order of their importance are: Melanoplus at- 
lanis (Riley), M. bivittatus (Say), M. packardi Scudder, M. femur-rubrum (De- 
Geer), Aulocara elliotti Thomas and Dissosteria carolina (Linn.) 

G. F. KNowtton and M. J. Janes, Utah Agricultural Experiment Station 
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THE PYRETHRIN I CONTENT OF PYRETHRUM POWDERS AS 
AN INDEX OF INSECTICIDAL POWER 


By Henry H. Ricwarpson! Investigator, Crop Protection Institute 


ABSTRACT 


The pyrethrin I content of several fresh pyrethrum powders was found to give an 
accurate evaluation of the insecticidal power of kerosene extracts of these flowers. 
Pyrethrin I was analyzed by Tattersfield’s short acid method; insecticidal power was 
estimated by the speed of paralytic action against house flies (Musca domestica L.). 
A correlation coefficient of 0.987 was found between these two factors. The above 
conclusion was found to hold true for deteriorated pyrethrum as well as for fresh 
powder. 


Whether a chemical analysis of pyrethrum powder would furnish an 
accurate evaluation of insecticidal power is a question that has long 
puzzled those interested in this unusually toxic insecticide. Staudinger 
and Ruzicka (1)? in a brilliant series of investigations isolated and identi- 
fied the toxic constituents of pyrethrum powder and concluded that the 
insecticidal power was almost wholly due to two esters, Pyrethrin I 
and Pyrethrin II. They state (Art. X, p. 449, 1924) that pyrethrin 
I is somewhat more active than pyrethrin II; that it has approximately 
the activity of pyrethrum powder. Staudinger and Harder (2) developed 
chemical methods of analysis for pyrethrin I and pyrethrin II. Tattersfield 
and co-workers (3, 4) presented modification of these chemical methods 
and from tests of emulsions of the alcoholic extracts of pyrethrum on 
aphids concluded that the analysis of pyrethrin I gave a reliable index 
of insecticidal power. Pyrethrin I was found to be approximately ten 
times as toxic as pyrethrin II. Gnadinger and Corl (5) described a method 
for the analysis of the total pyrethrins and from tests of kerosene so- 
lutions of the pyrethrins on house-flies concluded that this analysis 
gave a reliable evaluation of insecticidal power. These investigators 
have concluded that accurate evaluation of pyrethrum powder can be 
made by means of chemical analyses. 

On the other hand McDonnell and co-workers (6) conclude from their 
experiments that none of the chemical methods are entirely desirable. 
Glassford (7) from an analysis of the literature, agreed with this finding. 

The data presented in this paper have to do with the relationship of 
pyrethrin I content to insecticidal power as measured by tests of kero- 


'The author is now with the Bureau of Entomology, Washington, D. C. 

This paper consists of a part of a thesis presented to the graduate faculty of 
Iowa State College in partial fulfillment of the requirements for the Ph.D. degree. 

*Numerals refer to literature cited which is listed at the end of the paper. 
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sene extracts of pyrethrum on house-flies (Musca domestica L.). The 
investigations are divided into two parts: experiments with undeteri- 
orated pyrethrum flowers, and experiments with deteriorated pyrethrum 
flowers. 

MATERIALS AND MetuHops. The pyrethrum powders used in these 
experiments consisted of both coarse and finely ground flowers ob- 
tained directly from the importers. 

The kerosene was of Mid-Continent origin—from Oklahoma—41° 
Baume, 375-510°F. boiling range (190-265°C.; S. G. 0. 818). Extracts 
of these powders were prepared by maceration of the powder in a perco- 
lator for several hours after which percolation was allowed to proceed at 
the rate of 5 to 10 drops per minute. With a fine grade of powder (200 
mesh) no regulation was necessary as the powder packed closely and 
percolation proceeded slowly. 

These extracts were tested insecticidally by a method which has been 
previously described.(8) Forty to sixty house-flies of uniform age were 
sprayed with a constant volume of solution in an enclosed cage (kept at 
constant temperature, 28 + 1°C.). The spray was atomized from a 
DeVibliss No. 29 sprayer (a continuous rather than an intermittent 
vacuum type of sprayer) by means of a current of air maintained at a 
constant five-pound pressure. It had been noted that the speed with 
which the extract paralyzed the flies was distinctly correlated with the 
concentration of the extract; that is, the greater the concentration, 
the swifter the paralytic action of the spray. Insecticidal power was 
measured by the speed of paralytic action for with the concentrations of 
pyrethrins found in the common types of household sprays’ this criterion 
has been found to be diagnostic of small differences in pyrethrin con- 
centration whereas the percentage mortality did not vary significantly. 

The analysis for pyrethrin I was made according to the short acid 
method of Tattersfield and Hobson.(4) In this method the pyrethrins 
are completely extracted from the powder with light petroleum ether 
(20-40°C.) by means of a Soxhlet apparatus. The pyrethrins are 
saponified with NaOH, then treated with H.SO,, whereupon the acids 
of the pyrethrin esters are freed. The mono-carboxylic acid of pyrethrin 
I is volatile in steam and is steam-distilled in a modified micro-Kjeldahl 
still. The acid is extracted from the distillate with petroleum ether, 
then titrated with 0.02 N NaOH—with phenolphthalein as the indicator. 


‘Such sprays correspond in strength to a 1-lb. to 1-gal. kerosene extract of pyr- 
ethrum powder containing 0.25-0.3% pyrethrin I or 0.50-0.6% pyrethrins I and II. 
These strengths are equivalent to 0.03 g. pyrethrin I or 0.069 g. pyrethrin I and IT 
to each 100 c.c. 
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From the value obtained for this acid the amount of pyrethrin I present 
in the powder is calculated. 

In order to check the apparatus and technique used in the Tatters- 
field short acid method as performed in this laboratory, an analysis* was 
made of a pyrethrum powder which had just previously been analyzed 
by Dr. F. Tattersfield of the Rothamsted Experiment Station, Har- 
penden, England. The results of this test are given as follows: 


TABLE 1. ANALYSES OF A PYRETHRUM POWDER WITH TATTERSFIELD ACID METHOD 


Analyses Ave. per cent 
Performed by I II III IV pyrethrin I 
EPS TPT TT CTS 0.38 039 —_- — 0.385 
Richardson.......... a 6 Gisih a aricenebinis Gee 0.38 036 037 0.38 0.372 


It is clear from these data that the method gives duplicate quanti- 
tative results; that the apparatus and technique used here were satis- 
factory. 

ProcepureE. Four different samples of freshly ground pyrethrum 
flowers were first analyzed by Tattersfield’s short acid method. The 
results of these analyses are given in the following table. 


TABLE 2. PyRETHRIN I CONTENT OF SEVERAL PYRETHRUM POWDERS (TESTED BY 
TATTERSFIELD’S SHORT AcID METHOD) 


Analyses Ave. per cent 
Pyrethrum Powder I II Ill IV V___pyrethrin I 
ee ee ... 024 O22 025 O23 0.26 0.24 
ES Bare is ai ates alta 65's eed 0.27 0.29 0.29 O.28 0.29 0.28 
Bet Ben. ... Bate Fe er eee 0.13 0.12 O13 0.16 — 0.135 
| ee .... 027 026 —_ —_ — 0.265 


Kerosene extracts (1 lb.—1 gal. and 0.75 lb.—1 gal.) of these pyrethrum 
powders were then prepared by the usual method of percolation. One 
powder was very fine (200 mesh); the others were all coarse (15 mesh). 
In previous research, the results of which are soon to be published, it 
has been found that the extractive efficiency of kerosene varies to 
some extent with the degree of fineness of the powder. Kerosene gave 
75-80% extractive efficiency on coarsely ground pyrethrum powders 
(15-45 mesh per inch) ; approximately 90% extractive efficiency on very 
fine (200 mesh) pyrethrum powder. Corrections for this difference in 
extractive efficiency have been made and are shown as follows: 


‘This analysis was made possible through the courtesy of Dr. C. B. Gnadinger of 
Minneapolis, Minnesota, who furnished my analyzed sample (No. 82). Tatterfield’s 
analyses were made with the long acid method; my analyses by the short acid method. 
Tattersfield’s previous work indicates that the short acid method gives consistently a 
slightly lower value than the long acid method so that the results appear to be in good 


agreement. 
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TABLE 3 CORRECTIONS OF THE PYRETHRIN I CONTENT MADE FOR THE RELATIVE 
EXTRACTIVE EFFICIENCY OF KEROSENE ON THE DIFFERENT GRADES OF POWDERS 


A. One pound to one gallon extracts 
Extractive Amt. of pyr. I 


Pyrethrum Percent Mesh of efficiency extr. from 
powder Pyrethrin I powder of powder powder 
Lets. i. 0.244 200 90 0.220 
Lot II.. 0.28 15 80 0.224 
Lot II 0.135 15 80 0.108 
Lot IV.. 0.265 15 80 0.212 


B. Three-fourths pound to one gallon extracts 
Extractive Amt. of pyr. I 


Pyrethrum Act. % Amount in extract* efficiency extr. from 
powder Pyr. I with 100% extraction of powder powder 
o>) 0.28 0.75x0.28 =0.21 80% 0.168 
J eee 0.135 0.75x0.135 =0.101 80% 0.081 
o- ) 0.265 0.75x0.265 =0.199 80% 0.159 


*A 1 Ib.-1 gal. extr,istaken as 1;a 0.75 lb.-1 gal. extr. would then be equal to 0.75. 


These extracts were tested comparatively in an insecticidal series per- 
formed completely on eight different days. An additional six-day series 
comparing extracts of Lot I and Lot II powders is included. The data 
are shown in the following tables: 


TABLE 4. Series VII. SumMARY oF DATA FROM TESTS WITH EXTRACTS OF THE 
CHEMICALLY ANALYZED PYRETHRUM POWDERS 


Ave. 50% % Pyr. I of powder 
paralytic present 
No. No. of point (in q Act. Amt. ext. 
Part Solution tests flies seconds)' Kill % _ from powder 
A Kerosene B 8 536 200 58 0.00 0.00 
Lot II' (1-1 Ext.*) Ss 438 160 dD 0.135 0.108 
Lot IV (1-1 Ext.) 8 526 107 68 0.265 0.212 
Lot I (1-1 Ext.) (Values Cal. 
from Part B) 100 61 0.244 0.220 
Lot IT (1-1 Ext.) 8 494 98 67 0.28 0.224 
Lot III (3-1 Ext.) 8 501 165 51 0.101 0.081 
Lot IV (3-1 Ext ) S 493 122 65 0199 0.159 
Lot IT (3-1 Ext.) 8 490 117 59 = 0.210 0.168 
B Lot II (1-1 Ext.) 6 368 135 68 —— — 
Lot I (1-1 Ext.) 6 349 138 62 — —— 


‘These are paired values. [It must be remembered that in judging the data on any 
one series that these values are obtained from paired experiments and standard 
deviations should be calculated from the differences as illustrated in a previous paper 

Jour. Econ. Ent. 24(1): 97-105 (1931). 

*1—1 Ext. = Extract of 1 lb. of pyrethrum powder with 1 gallon kerosene. 

‘}-1 Ext. = Extract of } lb. pyrethrum powder with 1 gallon kerosene. 


Insecticidal power was judged by the speeds of paralytic action. 
From a study of these results given in both the summaries and the graph, 
it is evident that the chemical analysis for pyrethrin I gives an accurate 
index of insecticidal power. The results from the comparative tests o 
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Lots I and II in part B furnish data by which a calculated value for Lot 
I is included in part A. The values from tests with Lot I lend additional 
support to the data, but even without such values it is felt that the re- 
maining results give sufficient proof of this proposition. 
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Fic. 75.—Pyrethrin I content as an index of insecticidal power . 


To check this conclusion still further the data were tested statistically 
to obtain the correlation (9) between the pyrethrin I content of the powder 
and the speed of paralytic action of a kerosene extract of that powder. 
In this case the milligrams of pyrethrin I in the powder were taken as x 
and the number of seconds faster than kerosene to the 50% paralytic 
point were taken as y. The data shown in the previous table were used. 
A correlation coefficient (r) of 0.984 was obtained. A correlation of this 
value for a series of seven samples is very significant, the probability 
being much less than 0.01. 
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The second part of this investigation had to do with deteriorated 
pyrethrum powder; that is, pyrethrum which had definitely decreased in 
insecticidal value. 

That pyrethrum powders undergo a slow process of deterioration 
in storage has been acknowledged by the majority of the investigators in 
this field. Gnadinger (10) has found that when powders are kept in closed 
tight containers they may undergo as much as 30% deterioration in a 
period of two years. It has been thought that this deterioration of 
pyrethrum powder probably consists in the hydrolysis of the two esters, 
pyrethrin I and II, into their respective acids and alcohols. Since 
the chemical method for the analysis of pyrethrin I depends on the 
isolation and estimation of the monocarboxylic acid, there has been 
some doubt as to whether the analysis would indicate only the acid of the 
active ester.(3) Is it not possible that the acid freed by hydrolysis in 
deteriorated powder would be registered in the chemical analysis? 
The following experiments were undertaken to elucidate this problem. 

A sufficient sample of Lot II pyrethrum powder was divided into two 
portions. One portion was subjected to a process of artificial deterio- 
ration which consisted in exposing it to alternate conditions of dampness 
and dryness. This portion was first dampened with distilled water and 
then after a short period allowed to dry in order to prevent fungous 
growth. The treatment was continued for a period of one month, after 
which kerosene extracts of both portions were tested to ascertain whether 
the treated powder had deteriorated in insecticidal power. These 
extracts were tested comparatively in an insecticidal series, the data on 
which are given as follows: 


TABLE 5. Serres VIIT. SummMARyY oF DATA FROM COMPARATIVE TESTS OF EXTRACTS 
OF DETERIORATED AND UNDETERIORATED PORTIONS OF PYRETHRUM POWDER 
No. No.of Ave. 0% % Kill 
Solution tests flies paralytic after 24 hours 
point 
(in seconds) 
OR ee ee as ; 7 385 201 67 
Ext. (1-1) of undeteriorated portion 7 395 133 69 
Ext. (1-1) of deteriorated portion 7 390 155 55 


From an examination of the speeds of paralytic action of the two 
extracts (deteriorated portion 155 seconds, undeteriorated portion 
133 seconds) it appeared that the powder which had been subjected to 
the deterioration process had definitely lost in insecticidal power. 

These differences were tested statistically by Fisher’s method (9) for the 
determination of the significance of the difference of means. The seven 
daily differences in the speeds of paralytic action of the two extracts 
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were arranged as shown in the following table; and the mean (M,) and 
standard deviation of the mean (¢,,) were calculated. The relation of 
the mean and its standard deviation (equation two below) gives an 
estimation of the significance. 

TABLE 6. STATISTICAL ANALYSIS FOR TESTING THE SIGNIFICANCE OF THE 


DIFFERENCES IN SPEED OF PARALYTIC ACTION OF EXTRACTS OF DETERIORATED 
AND UNDETERIORATED PYRETHRUM POWDERS 


Daily differences 





xX Xx? Equations 
27 729 2 Yx*—2x(Mxz) 
17 289 le — | 
5 25 
27 729 a Mx 
32 1024 @) T= 
20 400 n=7;n(n—1) =42 
25 625 
Xx = 153 =x? = 3821.00 
Mx= 21.85 =x(Mx) =3343.05 


2x2—2Zx(Mx) =477.95 


» 477.95 ; 
From formulal g,= = 11.38 


= 3.37 


21.85 
From formula 2 T= 337 =6.48 


Such a value for T givesa probability (p) in Fisher’s tables (9) of much 
less than 0.01. This is very significant. It is concluded then that the 
differences in speed of paralytic action were real and not due to the errors 
of random sampling. 

Chemical analysis by the Tattersfield short acid method for pyrethrin 
I were then made on both portions. These analyses are shown in the 
table. 

TABLE 7. PyYRETHRIN I CONTENT OF DETERIORATED AND UNDETERIORATED 


PORTIONS OF A PYRETHRUM POWDER AND CALCULATION OF AMOUNTS 
EXTRACTED FROM POWDER 


Act. % 
Ave. % Pyrethrin I 
Pyrethrin I ext. from 
Pyrethrum Analyses powder (calc. 
powder I Il ITI IV V 80°% ext.) 
Undeteriorated por- 
SS nets wooevee O27 O§FF20 O29 O28 02 0.28 .224 
Deteriorated portion. 0.24 0.24 022 — — 0.23 184 


The chemical analyses verify the insecticidal tests quite definitely. 
The treated portion which had been shown to have distinctly lost in in- 
secticidal power, also showed a corresponding decrease in pyrethrin I 
content. These results would indicate that the chemical method not 

















October, '31] RICHARDSON: PYRETHRIN I, INDEX OF INSECTICIDAL POWER 1105 


only gives an accurate evaluation of fresh pyrethrum powders but also 
accurately evaluates deteriorated pyrethrum powders. 

Discussion. Sincecompleting this work, Gnadinger (10) has published 
a paper in which the following statement is made: 

“‘We found that when the pyrethrins decompose from exposure to air 
or heat, they form resinous bodies that are insoluble in petroleum ether— 
this is true of both pyrethrin I and IT.” 

Since these resinous bodies formed on the deterioration of the pyreth- 
rins are insoluble in petroleum ether, they would be unable to interfere 
in the chemical analysis. This would probably explain why the chemical 
analysis gives a good index of insecticidal power even with deteriorated 
powder. 

It has been shown by Tattersfield and his coworkers (1929) that 
pyrethrin I and II tend to be present in approximately equivalent 
amounts in pyrethrum flowers. Gnadinger (1929) bases his table for 
the calculation of the pyrethrins on the assumption that this is so and 
states that the error made in this way will be small. Both investigators 
appear to agree, then, that the pyrethrins are present in approximately 
equivalent amounts. It appears reasonable, then, that the analysis of 
either pyrethrin I or the total pyrethrins I and II should give a useful 
index of the insecticidal power, no matter what the relative toxicities 
of these two substances are. Judged by this view, the researches of both 
Tattersfield and Gnadinger are in much better agreement. Martin 
and Tattersfield (11) in a paper published since the completion of this re- 
search have reported studies on the evaluation of pyrethum flowers. 
The copper reduction method of Gnadinger and Corl and the long acid 
method of Tattersfield, Hobson, and Gimingham have both been 
modified. The change in the acid method is concerned largely with a 
more thorough saponification and extraction of the pyrethrin II in 
powders of high pyrethrin content. The pyrethrin I estimation remains 
unaffected and is accurately evaluated by the method already described. 
Both modified methods agree very well in their results and good con- 
cordances were found between these analytical data and insecticidal 
tests. 

The author wishes to express his thanks to Dr. C. H. Richardson for 
his advice and criticism during this research; to Dr. C. J. Drake and 
Professor W. C. O’Kane who followed the investigations closely. He is 
also indebted to Dr. R. M. Hixon and Professor G. D. Snedecor for their 
advice. This research was supported by the Deep Rock Oil Corpo- 
ration as a Crop Protection Institute Fellowship. 
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ROCKY MOUNTAIN CONFERENCE OF ENTOMOLOGISTS 


The eighth annual meeting of the Rocky Mountain Conference of Entomologists 
was held in Pingree Park, Colorado, August 17 to 22 inclusive. The Colorado Agri- 
cultural Forestry Lodge, which is located in the mountains about 50 miles west 
of Fort Collins, at an altitude of 9000 feet, was made the headquarters. Excellent 
weather and a very congenial crowd, the largest that has attended any of the meet- 
ings, made the occasion a very pleasant and profitable one. A total of 82 were 
registered during the week, 44 of these being directly interested in entomology. 
Ten sessions were held for the presentation of papers and discussions. Two of 
these, however, were made of an entertaining nature for the benefit of the entire 
gathering. The program committee, with Dr. P. B. Lawson as Chairman, arranged 
the papers so that related ones were on the same program, making many of the 
meetings in the form of symposiums. The following are the more formal subjects 
that were discussed : 

Temperature and Its Relation to Rate of Hatch of Codling Moth Eggs............ 
Edwin W. Howe 

Codling Moth Work at Manhattan, Kansas .....................-.. R. L. Parker 
Status of Experiments with Trichogramma minutum (Riley) ........ Geo. M. List 
Liberation of Trichogramma minutum (Riley) in Mesa and Delta counties, Colorado, 
with Other Notes on Codling Moth ............. L. G. Davis and J. H. Newton 
Illustrated Lecture on the Philippines with Reference to Entomological Problems 
C. R. Jones 


The Effect of Arsenic as Used in the Control of Grasshoppers Upon Birds........ 
F. E. Whitehead 


Grasshopper Control Work in Colorado during 1931................ F. T. Cowan 
Grasshopper Control in Kansas and Results of Correlated Program of Work in 
DT conasdhecessnebaess cnbeheet obesbhbasiserseeeceenses ease E. G. Kelly 


A Review of the Grasshopper Situation with a Summary of Our Present Control 
MiG: dictkeuas aiecdeneeuned haverthe sodebauales oabke Geo. A. Dean 
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European Corn Borer Parasites in Middle Western Area........ K. D. Arbethnot 
Some. Phases of Work on Pasture Insects ................045- Donald A. Wilbur 
Some Insects that Attack Honey Locust in Colorado............ S. C. McCampbell 
Taxonomy of Corn Root Louse, Aphis maidi-radicis, and Some Allied Species of 
EE Sok Coabdt esos bandas the Shots ckeea es eaeshebunenas Miriam A Palmer 
The Use of Mathematics in Alfalfa Weevil Investigation..................00000- 
Geo. I. Reeves and J. C. Hamlin 

PE OD kn a nckcn dk vebacsdebbawkea Geo. I. Reeves and J. C. Hamlin 
NN aks oink so dined eniam oidds¢.s'shn bene Heke ae ieee Ralph Bunn 
I oa ons EE os ck bed on nt dat oi he boeken Richard Newton 
EE Toh ode ne CG enh vEN Ac cone 2 <450 65 de di0es teak eke Leland Jones 
ne Eapeennnes Gee: Te Ub as ok oid cotscavicsney theese E. W. Davis 
ee eI NOR 5 ki a ah als Ra vos one chs bead cd ve Sean eeenebeunet R. L. Parker 


The Summer’s Collecting Trip Under the Auspices of the University of Kansas.. 
R. H. Beamer 


A Recent Insect Survey of Kansas by Questionnaire ................ R. C. Smith 
ee NS er. nt Re ne aemeh bs deeb sone ekeme eae Geo. A. Dean 
i: SER Disee Oth TENE 6 nies so vc tend os a eC dv cendnctomecees R. C. Smith 


The following are those present who were directly interested in entomology: 

E. G. Kelly, Geo. A. Dean, R. L. Parker, Roger C. Smith and Donald A. 
Wilbur, Manhattan, Kans.; Paul B. Lawson, R. H. Beamer, J. O. Nottingham, 
H. T. Peters and M. W. Sanderson, Lawrence, Kans.; Edwin W. Howe, Wichita, 
Kans.; L. D. Anderson, Morganville, Kans.; E. W. Davis, Ralph Bunn, H. E. 
Dorst, Leland Jones, Richard C. Newton, Geo. I. Reeves and John C. Hamlin, 
Salt Lake City, Utah; K. D. Arbethnot, Monroe, Mich.; F. E. Whitehead, Still- 
water, Okla.; M. C. Parker, Madison, Wis.; Lester Hanna, Del Norte, Colo.; 
Jean Sutherland, J. W. Horn and Carl Hopkins, Boulder, Colo.; Harry Newton, 
Paonia, Colo.; Chas. M. Drage, Loveland, Colo.; Louis G. Davis, Grand Junction, 
Colo.; John L. Hoerner, R. G. Richmond, Miriam A. Palmer, Geo. M. List, F. T. 
Cowan, C. P. Gillette, Rellie G. Mack, Sam C. McCampbell, John Weaver, Leslie 
B. Daniels, C. W. Kearns Harold Willis, Carl A. Bjurman, C. R. Jones and 
Albert White, Fort Collins, Colo. 

A brief mimeographed summary of the various discussions is being prepared 
and will be mailed to those that have attended any of the conferences. Others 
desiring this may secure a copy by writing to the Secretary. 

The officers elected to arrange for the 1932 meeting were Dr. C. P. Gillette, 
Chairman; Dr. P. B. Lawson, Vice-chairman; Dr. Geo. M. List, Secretary and 
Dr. C. R. Jones, Treasurer. 


Georce M. List, Secretary 
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Scientific Notes 


Neonicotine Recently Found as an Alkaloid in Anabasis aphylla L. In a re- 
cent number of the Journal (Jour. Econ. Ent. 23 (5) 865-867, 1930) Smith, Rich- 
ardson, and Shepard briefly described the isolation of synthetic neonicotine. They 
detailed the results of the toxicity tests of this compound and other dipyridy! 
derivatives against Aphis rumicis L. 

In the Berichte der deutschen Chemischen Gesellschaft (Feb. 1931, page 266) 
Orechoff and Menschikoff, obviously without knowledge of the aforementioned 
paper and a more recent one by the writer (J. Amer. Chem. Soc. 53, page 233, 
Jan. 1931), report the isolation from Anabasis aphylla L. (Fam. Chenopodiaceae) 
of an alkaloid which was named anabasine and identified as 8-pyridyl-4-piperidine, 
which has the structure already assigned to neonicotine. The writer has obtained 
a sample of the plant alkaloids and proved the identity of the two compounds by 
direct comparison. He also found methyl neonicotine to be present. Anabasis 
aphylla is described as a perennial weed growing in northern Africa, Armenia, 
Russia, and neighboring countries. There are more than fifty species of this genus, 
but aphylla is the only one that has been examined. It seems likely that the 
anabasine alkaloids may soon be commercially obtainable. 


C. R. Smiru, Chemist, Insecticide Division, Bureau of Chemistry and Soils, 
Washington, D.C. 


A Successful Method for Sampling Populations of Quick Moving Insects. 
For several years the writer and associated workers have been attempting to esti- 
mate populations of leafhoppers affecting both herbaceous and arboraceous plants. 
In view of the many variables that accompany the sweep method of sampling, it is 
extremely difficult to obtain any accurate data regarding relative populations. Con- 
sequently several methods have been used and one especially has given rather satis- 
factory results over a period of five or six years. 

The most accurate and satisfactory method thus far employed is the use of a 
quick acting gas like calcium cyanide, which can be dusted upon the plant and 
which causes the insects to drop upon a canvas or sheet spread under the entire 
plant or the portion treated. The material upon the canvas can then be shaken 
upon a 40 or 50°inch mesh screen and the dust easily separated from the insect 
specimens. The advantage of this method is that all the insects on a given plant 
or on a given portion of foliage can be captured and examined. It is best adapted 
for arboraceous plants, but can with care be used for some types of herbaceous 
plants. It has not been successfully adapted for field or forage crop sampling 
More than 2000 leafhoppers have been captured from a single large limb of an 
apple tree overhanging a muslin sheet. 


Various units of measurement can be used such as the population of an entire 
plant, or an entire limb or branch or on a sector of a plant overhanging a unit 
canvas or cloth. But the greatest value thus far derived by such sampling has 
been the determining of the predominant species or the relative percentages of 
different species in any given sample. This method has recently been used with 
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success by several of the graduate students at the Ohio State University, Depart- 
ment of Entomology, and may be of value to other workers. 
Dwicut M. DeLone, Department of Entomology, Ohio State University, 
Columbus, Ohio 


Notes on Ophelosia crawfordi—Ophelosia crawfordi was described by C. V. 
Riley in 1890, from specimens reared from eggs of the cottony cushion scale, 
Icerya purchasi, collected in Australia. Riley attempted to import living specimens 
into California to prey upon the cottony cushion scale. Following Riley’s lead both 
A. Koebele and George Compere collected specimens in Australia for shipment to 
California. In 1900 Alexander Craw recorded liberating colonies of Ophelosia in 
various parts of California. So far as known, the species failed to become es- 
tablished. 

Stanley Flanders collected Ophelosia crawfordi at Epping, New South Wales, in 
1931, and sent living specimens to California. The first specimen reared by Flan- 
ders was obtained from the egg sac of a Pulvinaria. On April 14, 1931, Flanders 
wrote that he had obtained additional specimens from the egg masses of Pseudo- 
coccus citri (Risso) infesting Erythrina coralodendron in Sydney and he observed 
the half-grown chalcid larvae feeding in the center of the egg masses. He also 
commented that it was curious but he could not differentiate between this chalcid 
and one reared from a coccinellid larva taken on a tree at Epping. On April 16, 
Flanders noted that Ophelosia issued from the mummified bodies of an undeter- 
mined species of Pseudococcus on quinces, and stated that they were parasitic on a 
primary occupant of this host. 

Living specimens of Ophelosia were reared in the quarantine room at Riverside, 
California, from material sent by Flanders. The parasites readily reproduced in 
jars when provided with mealybugs that had commenced to oviposit. The female 
parasite deposits its eggs among those of the mealybugs. Upon hatching, the larvae 
ieed upon the eggs of the host. When full-fed the larvae pupate in the remains of 
the old egg masses. Several generations of Ophelosia, numbering many thousand 
specimens, were propagated within the quarantine room. 

The life history of Ophelosia working on mealybugs is very simple and not un- 
like that of Tomocera, californica (How.), a closely related parasite of Australian 
origin which works upon the eggs of the black scale, Saissetia oleae (Bernard). 
[his latter parasite is considered to be a valuable primary species, although like 
Ophelosia it is known to be capable of developing hyperparasitically under certain 
conditions. In only one instance has Tomocera been reared as a hyperparasite. 
P. H. Timberlake, who observed that a Tomocera developed on a Microterys flavus 
within a soft brown scale, Coccus hesperidum Linn., stated that the unique record 
must be considered more as an indication of the versatility of the species than of 
anything else. 

An examination of the hosts of Ophelosia received from Flanders indicates that in 
this case the versatility of the species might possibly result in more harm than good 
if the species were to be colonized in California. The majority of Ophelosia that 
were reared in the quarantine room from Australian material issued from the 


mummified bodies of an undetermined species of Pseudococcus collected on quinces. 
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It is almost certain that these Ophelosia developed at the expense of a primary 
parasite, possibly Anarhopus sydneyensis Timb., which also issued from the same 
lots of material. The percentage of mealybugs occupied by Ophelosia was sufh- 
ciently high to indicate that the hyperparasitic role of this species may be of com- 
mon occurrence. In the light of our present knowledge, Flanders’ record of 
Ophelosia issuing from a coccinellid larva may be considered as unique. The coc- 
cinellid larva, a Chilocorus or an Orcus, from which two female Ophelosia issued, 
was inflated and mummified and appeared not unlike a larva which had produced 
Homalotylus. In this case it is supposed that the coccinellid larvae was first at- 
tacked by a Homalotylus and that before the larvae of the latter pupated they were 
replaced by Ophelosia. In such a case the role of Ophelosia would be beneficial 
as a destroyer of injurious parasites, 

In view of the present very satisfactory mealybug situation in California, and the 
impossibility of determining in advance what the final results of the establishment 
of Ophelosia would prove to be, the colonies of Ophelosia have been destroyed 
without making any liberations. 

Harry S. Smitu and Harotp Compere, University of California, 
Citrus Experiment Station, Riverside, Calif. 


Adhesives and Carriers for Insecticidal Dusts. The adherence of insecticidal 
dusts to growing and mature foliage with and without the use of adhesives, car- 
riers, or diluents has been investigated at the Gipsy Moth Laboratory, Melrose 
Highlands, Mass., for a period of five years. It is planned to publish at a later 
date the detailed results of these experiments, together with information obtained 
on the principles governing the success or failure of dusting. At this time it seems 
desirable to discuss briefly the most promising adhesives and carriers so that this 
information may be available to those concerned with dusting programs. 

Leaf collections for analysis to determine the degree of adherence were made (1) 
at the time of application, (2) just before rain or dew formation to learn the per- 
centage of loss by wind, and (3) after various quantities of rain had fallen. The 
climatic conditions were typical of New England, with moderate to high relative 
humidity and frequent dews, showers, and rains. 

When applied without an adhesive, lead arsenate adhered much better than did 
calcium arsenate. As much as 25 per cent of the former remained on the foliage 
after 1 inch of rain, while over 75 per cent of the latter was lost after 0.2 inch 
of rain. Magnesium arsenate adhered better than calcium arsenate, but not nearly 
so well as lead arsenate. The best grades of hydrated lime did not adhere so 
well as lead arsenate but adhered a little better than copper sulphate-lime mixtures, 
and much better than did calcium arsenate, magnesium arsenate, sulphur, and the 
filuosilicates. Poor grades of hydrated lime (ordinary hydrated lime of commerce) 
adhered about as poorly as calcium arsenate. When lime was mixed with insecti- 
cides (as lead arsenate) having better adherent qualities than the lime, the ad- 
herence of the insecticide was greatly reduced. With dehydrated copper sulphate 
dust the addition of lime is necessary while with most other materials where only 
a carrier or diluent is needed some other material, as talc or a finely powdered clay 
known as “bentonite,” can be substituted for the lime. Lime is caustic to the oper- 
ator and does not adhere nearly so well as talc or “bentonite.” The talc used in 
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these experiments was especially prepared for dusting and may be purchased for 
about the same price as the best grades of hydrated lime. When it is not necessary 
to use a diluent or carrier the talc and “bentonite” may be used as adhesives when 
added in the proportion of 1 part of talc or “bentonite” to about 4 parts of the 
insecticide. 

Lamp black and powdered bone black and activated carbon adhered well, but the 
black color of these materials and the extent to which they adhere to clothing will 
probably prevent their use. In the course of experiments in which about 200 plots 
were dusted with various mixtures, a few very promising adhesives were found. 
In the approximate order of importance these are: finely powdered commercial 
(not proprietary) ferric oxide, powdered casein glue, linseed oil or fish oil, and 
finely powdered milk. Best results have been obtained when the powdered ad- 
hesive made up 20 per cent of the weight of the dust mixture, but this may vary 
somewhat with the kind of insecticide. All dusts containing powdered adhesives 
should be kept away from moisture before they are applied. Dust mixtures con- 
tainng oils were effective only when they were moistened on the foliage by dew 
or fog during or immediately following application. As much oil should be added 
as possible without interfering with application. 

The average loss of insecticides by wind from plots treated in the morning after 
the dew had completely dried was as much as 40 per cent. Often this loss can be 
almost completely avoided by applying the material in the late afternoon. All ma- 
terials adhered best when they were moistened on the leaf surface during or soon 
after the application. The loss of poison is relatively greater during the first rain 
than from later rains. Usually the first 0.5 inch of rain removes more arsenical 
than the following 2 inches. Loss in concentration on expanding foliage is rapid 
even though no weathering occurs, and in general is inversely proportional to the 
increase in leaf area. The reduction is increased by weathering. 

There is a wide range in degree of adherence to foliage of different deciduous 
tree species. 

S. F. Ports and Dwicut F. Barnes, U. S. Bureau of Entomology 


Gelechia desiliens Attacks Sycamores. In June 1931, Vincent E. Williams, 
Agricultural Inspector in Los Angeles County, found lepidopterous larva seriously 
attacking the leaves of sycamores at Santa Monica, Los Angeles County, Cali- 
fornia. The larvae were feeding on the upper surface of the older leaves and 
were completely destroying portions of the younger leaves and were causing very 
severe injury to a number of trees. 

Reared adults were forwarded to Dr. August Busck at U. S. National Museum, 
Washington, D. C. Dr. Busck has determined them as Gelechia desiliens Meyrick. 
He reports that Meyrick described the species in his Exot. Micros. vol. 3, 23, 1923, 
from a series received from Venice, California, whch is only three miles from 
Santa Monica. Apparently the series represented field collected adults as the host 


food plant was not known. The present record establishes at least a major host 


of this species. 
H. M. Armitace, Entomologist, 
County Agricultural Commissioner's Office, 
Los Angeles, California 
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It is not often that a book about insects is said to rival the best of the 
murder mystery stories in its ability to hold the attention of the reader. 
Very much depends upon the reader. Not all are interested in in- 
sects. Some are not particularly attracted by murder mysteries as de- 
picted by artists in that particular type of literature. The above com- 
parison is distinctly unusual, especially since it relates to a recent work 
with a decidedly economic cast. Do you know the author? Have you 
seen the book? If not, you should locate the volume and see if the 
comparison is justified. It is further stated that every page is illuminat- 
ing and delightfully alive. 

The volume and the reviewers account suggest a new type of litera- 
ture relating to insects. It may be of compelling interest and though 
not written with the logical sequence we have come to associate with 
a scientific dissertation, there may be an accurate and interesting pre- 
sentation of the interactions of the varied insect life all about us. 
We accept the beneficial ministrations of insects with scarcely a 
thought of the life relations which make them possible. We bow to 
fate when the fly or mosquito distributes the deadly germ, little realizing 
that the fashioning of our lives rests largely in our own hands. The 
sweeping destruction of crops is calmly accepted as a dispensation of 
Providence, whereas in truth it may be due to the improvidence or 
blindness of our race. There is certainly a fertile field for the writer 
willing to trace the numerous interrelations between insect activity and 
human welfare. Literature of this nature may well arouse man to a 
fuller realization of his place in the world and his responsibilities to his 
fellow creatures. 
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Current Notes 


According to Science, Professor R. H. Pettit received the honorary degree of 
doctor of Science, at thé commencement exercises of the Michigan State College. 


Science announces the death of Archie H. Kirkland, at the age of fifty-eight 
years. He was best known te entomologists on account of his connection with the 


gipsy moth work in earlier years. 


Dr. D. T. Ries, who until its termination July first was employed by the P. Q. 
C. A. on the Mediterranean Fruit-fly Project at Orlando, Florida, has been ap- 
pointed Curator of Entomology at the Cranbrook Institute of Science, Bloomfield 
Hills, ‘Mich. 


Dr. N. F. Howard, Truck Crop Insect Investigations, Bureau of Entomology, 
stationed at Columbus Ohio, visited the field stations at Estancia, New Mexico 
and Ventura, California, during early September 


Dr. Roger C. Smith, Professor of Entomology. Kansas State Agriculture Col- 
lege, was elected President of the Kansas Academy of Science for the present year 
at the Lawrence meeting. 

Mr. Fred W. Fletcher, formerly Instructor in the department of Zoology and 
Entomology, Ohio State University, has accepted a position as Assistant Professor 
of Forest Entomology at Syracuse University, effective September 10. 

Dr. George G. Filinger, formerly with the Entomological Department of the 
Ohio Experiment Station, has accepted a position in the Department of Horticul- 
ture at the Kansas State Agricultural College at Manhattan, Kansas. 


Dr. W. V. Balduf, Assistant Professor of Entomology, University of Illinois, 
has recently returned to that institution after spending three months at Arlington 
Farm, Virginia, assisting with the Cereal and Forage Crop Insects Investigations. 

Mr. P. D. Sanders, formerly extension entomologist located at College Park, 
Maryland, has recently been appointed Entomologist with the Insect Pest Survey 
and assigned to the southern states area. 


Herbert T. Osborn, who has been employed during the past three years as Ento- 
mologist by a group of sugar companies in Porto Rico, has returned to the United 
States and is at present located at Columbus, Ohio. 


Dr. S. A. Graham, Professor of Forest Entomology, University of Michigan, 
lias returned to that institution to resume his duties after teaching insect ecology 
in the Department of Entomology, Ohio State University, during the summer 
quarter. 

The new officers of the Kansas Entomological Society are Dr. R. H. Reamer, 
President; Dr. Paul M. Gilmer, Vice-President, and Dr. R. L. Parker, Secretary- 
Treasurer. Dr. P. B. Lawson continues as Editor of the Journal and Dr. Warren 


Knaus as publisher 


Dr. Floyd F. Smith of the Bureau of Entomology has recently been transferred 
from the Division of Cereal and Forage Insect Investigations to the Division of 
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Tropical, Subtropical and Ornamental Insect Investigations. He is engaged on 
studies of greenhouse insects. 


Mr. Ralph Schopp, who recently received a Master’s degree in Entomology at 
Kansas State, received an appointment in the Bureau of Entomology in June. He 
has been assigned to the laboratory at Sumner, Washington for work on insects 
affecting ornamental plants. 


George E. Gould, for the past three years with the Virginia Truck Crop Ex- 
periment Station, has accepted a position with the Department of Entomology 
of the Purdue University Agricultural Experiment Station. Mr. Gould, who takes 
the position recently vacated by H. K. Riley, will spend most of his time investi- 
gating vegetable crop insects. 


Dr. A. D. Imms, F. R. S., has resigned his post as Chief Entomologist at the 
Rothamsted Experimental Station, Harpenden, having been offered a new appoint- 
ment as Reader in Entomology in the University of Cambridge. On and after 
Sept. 30, 1931, his postal address will be Zoological Laboratory, The Museums, 
Cambridge, England. 


Dr. A. N. Tissot, of the Florida Experiment Station staff, who has been on 
leave of absence during the past year while pursuing graduate work at Ohic State 
University was granted the degree of Doctor of Philosophy at the summer con- 
vocation in September and has returned to Florida to resume his investigational 
work. 


The Mexican Bean Beetle Tachnid parasite, Paraderodes epilachnae Aldrich, 
which was studied in Mexico by B. J. Landis in 1928 and has been carried through 
at the Mexican Bean Beetle Laboratory during the past year has been reared in 
sufficient abundance to colonize and shipments are being liberated in heavily in- 
fested areas in several eastern and southern states. 


Kansas State College has acquired by purchase the insect collection and scientific 
library of the late F. F. Crevecoeur of Onaga, Kansas. The collection, covering 
all of the common orders, was contained in 186 cigar boxes and is nicely pinned and 
labeled. The library purchased consisted of some 3000 separate books and bulletins. 
It includes particularly publications of departments of the Federal Government. 


The degree of Doctor of Philosophy was conferred upon Harry F. Dietz at the 
summer convocation August 28th by the Ohio State University. Dr. Dietz was 
formerly Assistant State Entomologist of Indiana and more recently served as 
fellow with the Crop Protection Institute, investigating the insecticidal properties 
of shale oils. At the present time he is located at the Ohio Experiment Station 
and is holding a fellowship supported by the Grasselli Chemical Co. 


Mr. A. C. Morgan, Entomologist, Bureau of Entomology, Clarksville, Tennessee, 
died at his home July 28th. He has been in charge of tobacco insect investigations 
for many years and has been associated with the Bureau of Entomology since his 
graduation from Cornell University in 1904. Although he has spent most of his 
efforts upon a study of tobacco insect, Mr. Morgan has also published a number of 
papers on Thysanoptera and was considered a specialist on this group. 
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Mr. Laurence A. Carruth, of Worcester, Massachusetts, received a temporary 
appointment July Ist to assist with investigations of field crop insects at the North 
Dakota Experiment Station, at Fargo. Mr. Carruth took undergraduate studies at 
Massachusetts Agricultural College and completed work on his Masters Degree 
in June at the South Dakota State College, where he was also employed as in- 
structor in entomology. Mr. Carruth left September 10th to take advanced degree 
work in entomology at Cornell University. 


At the Seventh -National Shade Tree Conference held at Yonkers, New York 
and North Stamford, Connecticut, August 27-29 the following entomologists were 
present: W. E. Britton, S. W. Bromley, A. F. Burgess, C. W. Collins, E. N. 
Cory, E. P. Felt, R. B. Friend, P. Garman, C. H. Hadley, C. C. Hamilton, A. 
Hartzell, Harry Horowitz, J. S. Houser, T. H. Jones, W. Middleton, V. I. Safro, 
A. E. Stene, F. M. Trimble and N. Turner. Mr. Burgess presided at the meetings 
and gave a brief address as retiring chairman. Papers and talks were given by 
Messrs. Britton, Bromley, Burgess, Collins, Felt, Friend, Garman, Hadley, Hamilton, 
Stene and Turner. The sessions of the first two days were held at the Boyce 
Thompson Institute for Plant Research at Yonkers, and those of the last day at 
the Bartlett Tree Research Laboratories at North Stamford. 


Horticultural Inspection Notes 


Mr. H. G. Frane was transferred from the port of New York to Hidalgo Texas, 
on August 6. 


Mr. N. O. Berry who had been assisting with the inspection work in Porto Rico 
since May, 1931, returned to the mainland on August 15, and is now stationed at 
Harlingen, Texas. 


Mr. O. J. Yoder, who has been stationed in New York City during the past few 
months resumed transit inspection work in St Louis on September 1. Mr. Yoder 
will also carry on foreign plant quarantine inspection work in that city. 


During July and August, Mr. W. A. McCubbin of the Plant Quarantine and 
Control Administration, in a visit to the West coast, investigated conditions in 
California with reference to the Lima bean scab anc gathered information on the 
buckskin disease of cherry, rose chlorosis and the bulb disease situation in the 
Pacific Northwest. Before returning to Washington he also visited the ports of 
Portland, Seattle, Bellingham, and Blaine 


The State of Oklahoma has issued an alfalfa weevil quarantine (No. 1—effective 
August 15, 1931), relating to the entry of alfalfa seed, hay of all kinds, cereal 
straw, and alfalfa meal, from the infested regions, according to a recent issue of a 


railway quarantine circular which has reached the office of the Plant Quarantine 


and Control Administration. 


Due to the spread of the alfalfa weevil in the State of Nevada, the governor has 
amended the quarantines relating to the infestation (1) by exempting from regula- 
tion the importation of the restricted articles into any part of the State of Nevada, 
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except Clarke County, and parts of the counties of Nye and Esmeralda; and (2) by 
extending the quarantine on exportation to apply to the entire State, except the 
above-named counties or parts of counties. These amendments became effective on 
August 20, 1931. 


Effective July 1, Dr. C. P. Gillette retired as State Entomologist of Colorado 
and also as Entomologist of the Colorado Experiment Station. Mr. George M. List 
was appointed to these offices by the State Board of Agriculture. Doctor Gillette 
has been Station Entomologist for more than forty years and State Entomologist 
since the passage of the original State Entomologist act in 1907. Mr. List has been 
Associate Entomologist in the Experiment Station and Chief Deputy State Ento- 
mologist since 1913. 


A quarantine on account of the European red mite (Paratetranychus pilosus), 
has been established by the State Plant Board of Arkansas, prohibiting, except as 
provided by such rules and regulations as may be promulgated, the entry of a num- 
ber of fruit and ornamental trees, as well as of phlox and zinnia, from “that terri- 
tory east of the Mississippi River and north of the north line of Tennessee and 
North Carolina, and in the States of Washington, Oregon, California, Idaho, and 
Utah.” The quarantine (No. 8) was issued on April 9, 1931. 


The Department of Agriculture of the State of California announces that “the 
effective parasitism of the Citrophilus mealybug (Pseudococcus gahani), by the 
parasites Coccophagus gurneyi and Tetracnemus sp. introduced and disseminated 
by the Citrus Experiment Station, has so modified the economic importance of this 


mealybug that there appears to be no present need for continuing in effect the pro- 
visions of Pest Control Ruling A and Pest Control Regulation No. 2." Accordingly, 
these orders relating to the prevention and spread of the mealybug in nursery 
stock, and disposition of nursery stock so infested, were revoked August 6, 1931. 


The former Washington State quarantine order pertaining to the European corn 
borer has been revoked, “it now having been determined, after due investigation, 
that the European corn borer (Pyrausta nubilalig Hubn.), is now and will be cov- 
ered by Federal Quarantine No. 43, and plants released from one generation and 
two generation areas in the infested areas of the United States to be shipped into the 
State of Washington will be governed by said Federal Quarantine No. 43 and re- 
visions thereof, such shipments to be made only under the supervision and permission 
of representatives of the United States Department of Agriculture, Plant Quarantine 
and Control Administration.” The revocation became effective July 24, 1931. 


According to information received from the California Department of Agriculture, 
Mr. Dudley Moulton, who has recently been appointed as Director of Agriculture 
of California, has announced that effective August 1, 1931, all quarantine regula- 
tory work is to be centered in a Division of Quarantine Administration. Formerly 
interstate plant quarantine activities were grouped under the classification of the 
Plant Quarantine Service which was a part of the Bureau of Plant Quarantine 
and Pest Control, which bureau has now been abolished. The new Division of 
Quarantine Administration will handle not only interstate quarantine regulations, 
but also intrastate quarantines or other like regulatory measures. Mr. A. C. Fleury, 
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formerly Supervisor of Plant Quarantines, has been designated as Acting Chief 
of the Division of Quarantine Administraton, with the title of Chief Quarantine 
Officer. 


Two circulars summarizing the plant Guarantine laws of Belgium and Sweden 
have been issued recently by the Plant Quarantine and Control Administration. 
These circulars are numbered PQCA-315 and PQCA-321. The following circulars 
have also been issued by the Administration during the past few months: PQCA-316 
“Fumigation of Berries with Ethylene Oxide as a Condition of Certification under 
the Japanese Beetle Quarantine Regulations” ; PQCA-317 “Fumigation of Bananas 
in Car Lots with Hydrocyanic Acid as a Condition of Certification under the Japanese 
Beetle Quarantine Regulations”; PQCA-318 “Omission of Fumigation Authorized 
for Cotton Lint Moved from Certain Counties in Texas and New Mexico”; PQCA- 
319 “Fumigation of Narcissus Bulbs with Sodium Cyanide”; PQCA-320 “Bar- 
berries and Mahonias Classified under Black Stem Rust Quarantine Regulations” ; 
PQCA-322 “Supplement No. 5 to Instructions on the Disinfection of Nursery 
Products for Japanese Beetles”; PQCA-323 “Report of Distribution of Bulbs Im- 
ported under Regulation 3 of Quarantine No. 37, The Nursery Stock, Plant, and 
Seed Quarantine no Longer Required”; PQCA-324 “Use of Disinfectants in Hot 
Water Treatment of Narcissus Bulbs”; amd PQCA-325 “Early Beginning of 
Shipping Period under Mexican Fruit Worm Quarantine Regulations Authorized”. 


The thirteenth annual conference of the Western Plant Quarantine Board was 
held at Cheyenne, Wyo., June 18, 19, and 20, 1931, with the excellent cooperation of 
the Wyoming State Department of Agriculture. The program was planned to 
bring out discussion on several important subjects of general interest to the mem- 
bership, rather than to have an elaborate program. Recommendations adopted re- 
lated to: (1) commendation of the United States Department of Agriculture and 
cooperating agencies for eradication of the Mediterranean fruit fly in Florida; (2) 
petitioning the continuation of an eradication program against pink bollworm of 
cotton; (3) requesting the United States Plant Quarantine and Control Adminis- 
tration to call an official hearing for the consideration of restrictions on plant ma- 
terials used as packing from foreign countries, as it was felt that rice straw and 
other dried plants offered a pest hazard; (4) requesting the utilization of other 
inspection agencies at entry ports to cooperate with the United States Bureau of 
Biological Survey in the enforcement of the Lacey Act and requesting more com- 
plete information relative to the pest possibilities of bird and mammal species before 
permits for their entrance are issued; (5) requesting the Secretary of Agriculture 
to undertake systematic and basic investigations to aid in the control of noxious 
weeds and to correlate weed control activities now scattered in various branches of 
the United States Department of Agriculture; (6) recommending to the States 
comprising the southern and eastern plant quarantine boards that the alfalfa meal 
restrictions in their alfalfa weevil quarantines be uniform and with conditions simi- 
lar to those adopted by the Western Plant Quarantine Board; (7) it was recom- 
mended to the National Plant Board that (a) the cooperation of the Post Office 
Department be obtained to provide in the Postal Rules and Regulations a means 
whereby parcel post shipments of plants would become directly amenable to the 
quarantine authority of the destination State; (b) data from authoritative sources 
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and based upon sound principles of quarantine should be developed for informa- 
tional purposes and for publication in the interest of pointing out the value and im- 
portance of sound quarantine procedure as a pest preventive measure, and (c) a 
study be made of utilizing materials other than soil for the protection of roots 
or plants or that treatments be developed for balled plants in order to prevent the 
carriage of destructive soil infesting pests. Additional subjects discussed included 
Ozonium root rot eradication; uniformity in apiary inspection regulations; pest 
control activities in Mexico as affected by the high cost of insecticides and the high 
tariff on them; the need of quarantines in the West relating to the black locust 
borer, Cyllene robiniae; hot vapor and vacuum fumigation treatments; nursery 
stock certfication at origin and (or) destination; and quarantine uniformity. The 
officers elected for the ensuing year are: A. G. Stephens of Wyoming, Chairman; 
George L. Knight of Montana, Vice-Chairman; W. C. Jacobsen of California, 
Secretary, and George G. Schweis of Nevada, Representative to the National Piant 
Board. It was decided that the meeting place for the fourteenth annual conference, 
to be held sometime in June, 1932, should be some place in the State of Montana, 


the place to be designated later. 


Apicultural Notes 


The American Honey Producers’ League, a national beekeepers organization, 
have scheduled their annual meeting for January 26th, 27th, and 28th, at Columbus, 
Ohio. Their headquarters during the meeting will be at the Deshler-Wallick 
Hotel. 

Dr. J. E. Eckert, formerly Associate Entomologist, Division of Apiculture, U. 
Bureau of Entomology, has accepted a position as Assistant Professor of Ento- 
mology in charge of Apiculture at the University of California. He will be sta- 
tioned at the Davis Experiment Station. 

Dr. W. E. Dunham, Instructor in Apiculture, Ohio State University, recently 
visited the Divisions of Apiculture at the following state agricultural colleges: 
Michigan, Minnesota, lowa, Wisconsin and Illinois. Short visits were also made 
at the Lewis Beeware Company, Watertown, Wisconsin, Dadant and Sons Bee 
Supply Factory, Hamilton, Illinois and the American Honey Institute, Indian- 


S. 


apolis, Indiana. 

The Summer Meeting of the Ohio State Beekeepers’ Association was held 
August 5th and 6th at the factory of the A. I. Root Company, Medina Ohio. 
About 300 beekeepers were present. Out-of-state speakers were Dr. E. F. Phillips, 
Cornell University and Prof. E. J. Anderson, from Pennsylvania State Agricul- 
tural College. On August 7th tours were conducted in northeastern and north- 
western Ohio for the beekeepers. 

The annual summer meeting of the North Dakota Beekeepers’ Association was 
held at Aneta, N. D., July 15. Prof. L. T. Floyd, Provincial Apiarist of Manitoba 
addressed the beekeepers on his experience with package bees. Other speakers 
include Hon. J. A. Kitchen, Commissioner of Agriculture for North Dakota; Miss 
Clara Richards, Librarian of the Masonic Temple, Fargo; Prof. J. A. Munro, 
Entomologist of North Dakota Agricultural College; Chas. Engle, W. O. Victor, 
Jr., Chas. Hausman and J. W. Beatty, commefcial beekeepers of the state. 





